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CHAPTER I  
THE PROBLEM 
I ,  I n t r o d u c t i o n
I t  i s  v e i l  k n o v n  t h a t  t h e  maximum m u s c u l a r  power  
o u t p u t  t h a t  c a n  b e  a t t a i n e d  i n  a s h o r t - t e r m  e x e r c i s e  f a r  
e x c e e d s  t h a t  o f  t h e  maximum m u s c u l a r  power  o u t p u t  w h i c h  
c a n  b e  r e a c h e d  i n  an  e x e r c i s e  o f  l o n g  d u r a t i o n .  D i l l  ( 7 )  
s a y s  t h a t  " i n  b u r s t s  o f  a l l - o u t  e x e r c i s e ,  man r e a c h e s  h i s  
m a x im a l  r a t e  o f  e n e r g y  o u t p u t  w i t h i n  a few s e c o n d s  and  
c a n  m a i n t a i n  t h i s  r a t e  f o r  t w e n t y  t o  t h i r t y  s e c o n d s .  
T h e r e a f t e r ,  t h e  r a t e  f a l l s  o f f . "  T h i s  s h o r t - t e r m  m u s c u l a r  
power  i s  r e f e r r e d  t o  a s  a n a e r o b i c  w h i l e  l o n g - r a n g e  m u s c u ­
l a r  power  i s  a e r o b i c .  A n a e r o b i c  power  may be d e f i n e d  a s  
a n  e x p r e s s i o n  o f  t h e  e n e r g y - y i e l d i n g  p r o c e s s  w h i c h  d o e s  
n o t  i n c l u d e  o x y g e n  i n  i t s  b r e a k d o w n .  I t  b e g i n s  w i t h  t h e  
s p l i t t i n g  o f  h i g h - e n e r g y  p h o s p h a t e  b o n d s  an d  e n d s  a t  an 
i n t e r m e d i a t e  r e a c t i o n  w i t h  l a c t i c  a c i d  a s  i t s  p r o d u c t .
By a d d i n g  o x y g e n  t o  t h e  l a c t i c  a c i d , an  a e r o b i c  p r o c e s s  i s  
b r o u g h t  a b o u t  w i t h  c a r b o n  d i o x i d e  an d  w a t e r  a s  i t s  end 
p r o d u c t  s .
A l l  o f  t h e  t i s s u e s  o f  t h e  b o d y  r e q u i r e  o x y g e n  f o r  
c o n t i n u e d  a c t i v i t y ;  h o w e v e r ,  some a r e  a b l e  t o  f u n c t i o n  f o r  
s h o r t  p e r i o d s  a t  l e v e l s  o f  i n t e n s i t y  f a r  e x c e e d i n g  t h e i r
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o x y g e n  u p t a k e  c a p a c i t y *  T h i s  i s  a c c o m p l i s h e d  by  c a l l i n g  
on a n a e r o b i c  ( n o n - o x i d a t i v e )  s o u r c e s  o f  e n e r g y *  One o f  
t h e s e  e n e r g y  s o u r c e s  i s  t h e  b r e a k d o w n  o f  g l y c o g e n  t o  l a c t i c  
a c i d *  T h i s  p r o c e s s  i s  w a s t e f u l  a s  c o m p a r e d  w i t h  o x i d a t i o n , ^  
s i n c e  o n l y  a p a r t  o f  t h e  e n e r g y  i s  l i b e r a t e d *  I t s  u s e  
s e r v e s  t o  m e e t  e m e r g e n c y  s i t u a t i o n s  when t h e  e n e r g y  r e ­
q u i r e d  c a n n o t  b e  s u p p l i e d  by  o x i d a t i o n s  a l o n e *  A n a e r o b i c  
m e t a b o l i s m  i s  n o t  a  s u b s t i t u t e  f o r  o x i d a t i o n ;  i t  o n l y  p o s t ­
p o n e s  i t *  D u r i n g  t h i s  a n a e r o b i c  e x e r c i s e  p e r i o d  t h e  s u b j e c t  
w i l l  h a v e  g one  i n t o  oxy g en  d e b t  ( d e f i c i e n c y  o f  o x y g e n ) , 
and t h i s  mus t  b e  r e p a i d  d u r i n g  r e c o v e r y  ( 2 6 ) ,  T h i s  a n a e r o b i c  
power  u s u a l l y  a m o u n t s  t o  a b o u t  t h r e e  t i m e s  t h e  s t e a d y - s t a t e  
power  d e v e l o p e d  f r o m  o x i d a t i o n s  ( 23 )*
I n  e x h a u s t i n g  a c t i v i t y ,  s u c h  a s  i n  some c o m p e t i t i v e  
s p o r t s ,  t h e  v i g o r  and  e x t e n t  o f  e x e r c i s e  a r e  c i r c u m s c r i b e d  
by  t h e  l i m i t s  o f  t h e  p h y s i o l o g i c a l  f u n c t i o n s  i n v o l v e d *  The  
h e a r t  r a t e  c a n n o t  b e  p u s h e d  b e y o n d  a  c e r t a i n  p o i n t  and a t  
a n y  g i v e n  t i m e  t h e  c a p a c i t y  f o r  s u p p l y i n g  o x y g e n  t o  t h e  
t i s s u e s  i s  s t r i c t l y  l i m i t e d *  The I n d i v i d u a l  w i l l  work  
a n a e r o b i c a l l y  u n t i l  h i s  t o l e r a b l e  l i m i t  o f  o x y g e n  d e b t  i s  
r e a c h e d  ( 1 9 )*
The maximum a e r o b i c  power  o u t p u t  ( o r  maximum o x y g e n  
c o n s u m p t i o n )  h a s  b e e n  u s e d  a s  an  i n d e x  o f  maximum w o r k  p e r ­
f o r m a n c e  and  many t e s t s  h a v e  b e e n  d e v i s e d  t o  d e t e r m i n e  i t ,  
d i r e c t l y  o r  i n d i r e c t l y .  M e a s u r e m e n t  o f  t h e  maximum a n a e r o - '  
b i c  p o w e r ,  on t h e  o t h e r  h a n d ,  h a s  r e c e i v e d  l i t t l e  a t t e n t i o n
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d e s p i t e  t h e  f a c t  t h a t  i t  i s  I n d i c a t i v e  o f  a  k i n d  o f  w o i k  
i m p o r t a n t  i n  many common a t h l e t i c  s i t u a t i o n s  s u c h  a s  r u n ­
n i n g  i n  b a s e b a l l  and  s p r i n t  r u n n i n g  i n  t r a c k  a n d  f i e l d o
T h i s  s t u d y  i s  c o n c e r n e d  w i t h  t h a t  a s p e c t  o f  e x e r ­
c i s e  w h i c h  i n v o l v e s  t h e  maximum m u s c u l a r  power  o u t p u t  i n  a 
s h o r t - t e r m  e x e r c i s e ,  a n a e r o b i c  power  *
S e v e r a l  a u t h o r i t i e s  i n  t h e  a r e a  o f  a n a e r o b i c  power  
h a v e  d i s a g r e e d  i n  t h e i r  f i n d i n g s  c o n c e r n i n g  t r a i n i n g o  F o r  
e x a m p l e ,  B r o u h a  ( 3 )  s t a t e s  t h a t  t r a i n i n g  i m p r o v e s  t h e  
a n a e r o b i c  power  a s  w e l l  a s  t h e  a e r o b i c »  H o w e v e r ,  M a r g a r l a  
( 2 1 )  f o u n d  t h a t  r u n n i n g  a t  t o p  s p e e d  d o e s  n o t  seem t o  i n ­
v o l v e  a  much h i g h e r  e n e r g y  r e q u i r e m e n t  t h a n  r u n n i n g  a t  a  
s p e e d  n o t  i n v o l v i n g  an  o x y g e n  d e b t  » T h e s e  f i n d i n g s  h a v e  
l e d  h im t o  b e l i e v e  t h a t  t r a i n i n g  i n  a t h l e t i c s  d o e s  n o t  l e a d  
t o  s u f f i c i e n t  i m p r o v e m e n t  c o n c e r n i n g  a n a e r o b i c  w o rk  e x e r ­
c i s e s  . T h e r e f o r e ,  h e  f e e l s  t h a t  t r a i n i n g  w i l l  n o t  s i g n i f i ­
c a n t l y  a l t e r  t h e  a n a e r o b i c  power  i n  man.
S i n c e  man i s  c o n c e r n e d  w i t h  h i s  p e r f o r m a n c e  i n  com­
p e t i t i o n ,  and  b e c a u s e  t h e  e f f i c i e n t  u s e  o f  t i m e  i s  i m p o r ­
t a n t  , i t  w ou ld  b e  h i g h l y  b e n e f i c i a l  t o  h a v e  an  u n d e r s t a n d i n g  
o f  t h e  m os t  e f f i c i e n t  m e th o d  o f  t r a i n i n g  n e c e s s a r y  t o  im­
p r o v e  t h e  maximum m u s c u l a r  power  o u t p u t  i n  man,  t h e  
a n a e r o b i c  p o w e r .
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I l e  The P r o b l e m
S t a t e m e n t  o f  t h e  P r o b l e m
The p u r p o s e  o f  t h i s  s t u d y  was t o  c o m p a r e  and d e t e r ­
m in e  t h e  e f f e c t s  o f  t r a i n i n g  u p o n  t h e  a n a e r o b i c  power  i n  
man»
S i g n i f i c a n c e  o f  t h e  S t u d y
The i n f o r m a t i o n  t o  b e  f o u n d  i n  t h e  r e l a t e d  l i t e r a ­
t u r e  w h i c h  p e r t a i n s  t o  a n a e r o b i c  power  i s  b o t h  l i m i t e d  and  
c o n f l i c t i n g .  I t  was  f e l t  t h a t  t h i s  s t u d y  w o u l d  h e l p  t o  
c l a r i f y  t h i s  p i c t u r e  and  w o u l d  be s i g n i f i c a n t  i n  t h e  f o l l o w ­
i n g  w a y s :
l o  T h i s  s t u d y  u s i n g  t h e s e  p a r t i c u l a r  t r a i n i n g  
m e t h o d s  was t h e  f i r s t  o f  i t s  k i n d .
2« The s t u d y  c o m p a r e d  two a n a e r o b i c  power  t e s t s  s 
t h e  f i f t y - y a r d  d a s h  an d  M a r g a r i a ’ s s t a i r - c a s e  
t e s t  ( 2 0 ) .
3o The s t u d y  a l s o  made a  c o m p a r i s o n  o f  a n a e r o b i c  
power  t o  t h a t  o f  a e r o b i c  work  c a p a c i t y  ( m a x i ­
mum o x y g e n  c o n s u m p t i o n ; !  p r e d i c t e d ) .
4-0 B a s e b a l l  p l a y e r s   ̂ t e n n i s  p l a y e r s . ,  t r a c k  men, 
a n d  o t h e r s  c o n c e r n e d  w i t h  a n a e r o b i c  w o rk  may 
b e  i n t e r e s t e d  i n  t h e  r e s u l t s  t o  c o m p a r e  t h e i r  
t r a i n i n g  m e t h o d s  w i t h  i t .
5o I n f o r m a t i o n  o f  t h i s  t y p e „  w h i c h  w o u l d  a i d  i n  
t h e  i m p r o v e m e n t  o r  s u b s t a n t i a t i o n  o f  e x i s t i n g
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5
t r a i n i n g  m e t h o d s ^  w o u l d  b e  o f  b e n e f i t  t o  
c o a c h e s  and t h e  P h y s i c a l  E d u c a t i o n  p r o f e s s i o n  
i n  g e n e r a l »
L i m i t a t i o n s  o f  t h e  S t u d y
1» The number  o f  s u b j e c t s  was l i m i t e d  t o  s e v e n  
w i t h i n  e a c h  g r ou p»
2» S t r i c t  c o n t r o l s  c o u l d  n o t  b e  p l a c e d  on t h e  
o u t s i d e  a c t i v i t i e s  o f  t h e  t h r e e  g r o u p s  o f  
s u b j e c t s  o
3o M o t i v a t i o n  c o u l d  n o t  be  c o n t r o l l e d ^  and i t
i s  r e l a t e d  t o  t h e  m e a s u r e m e n t  o f  t h e  a n a e r o b i c  
power  »
4» The p o s i t i o n e d  s t a r t  f o r  s p r i n t  r u n n i n g  was 
t a u g h t ,  b u t  t h e  d e g r e e  t o  w h i c n  i t  was 
m a s t e r e d  by e a c h  s u b j e c t  c o u l d  n o t  be  d e t e r ­
m in e d  »
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CHAPTER I I
REVIEW OF THE RELATED LITERATURE
l o  B a s i c  A s s u m p r i o n s
H u c k a b e e  and  J u d s o n  ( 1 5 )  n a v e  n o t e d  t h a t  a n a e r o b i c  
e n e r g y - y i e l d i n g  p r o c e s s e s  i n  human t i s s u e s ^  a s  e s t i m a t e d  
f r o m  o x y g e n  d e b t  5 h a v e  b e e n  t h o u g h t  t o  b e  i m p o r t a n t  i n  t h e  
e x e r t i o n s  o f  a t h l e t i c s  o r  o f  h a r d  worko R e c e n t  s t u d i e s  
h a v e  s u g g e s t e d  t h a t  t h e  a n a e r o b i c  m e t a b o l i s m  i n d u c e d  by 
h y p o x i a  p l a y s  a  p a r t  i n  a l m o s t  a l l  a c t i v i t y ^  w h e t h e r  s e v e r e  
o r  m i l d ;  a l t h o u g h  m i l d  a c t i v i t i e s  may be  a s s o c i a t e d  w i t h  
o x y g e n  d e b t s  t o o  s m a l l  t o  m e a s u r e o  R a t h e r  t h a n  an  e m e r ­
g e n c y  m e c h a n i s m ;  a n a e r o b i c  m e t a b o l i s m  may a c c o m p a n y  t h e  
o r d i n a r y  a c t i v i t i e s  o f  mammals «
Kayne  ( 1 8 ) s a i d  t h a t  e x e r c i s e  p r o d u c e s  an i n c r e a s e  
i n  o x y g e n  c o n s u m p t i o n  a b o v e  r e s t i n g  v a l u e s  w h i c h  r e t u r n s  
t o  c o n t r o l  l e v e l s  d u r i n g  r e c o v e r y .  F o l l o w i n g  e x e r c i s e  t h e  
o x y g e n  c o n s u m p t i o n  a b o v e  c o n t r o l  i s  c a l l e d  o x y g e n  d e b t .
The m u s c l e s  go i n t o  d e b t  f o r  o x y g e n  s i n c e  t h e  m e t a b o l i c  
n e e d s  o f  t h e  e x e r c i s i n g  m u s c l e s  h a v e  i n c r e a s e d  f a r  b e y o n d  
t h e  c a p a c i t y  o f  t h e  c a r d i o v a s c u l a r  s y s t e m  t o  s u p p l y  o x y g e n  
t o  t h e s e  t i s s u e s o  U n d e r  s u c h  c o n d i t i o n s  g l y c o l y s i s  makes  a 
c e r t a i n  amount  o f  e n e r g y  a v a i l a b l e  t o  t h e  m u s c l e s  w i r h o u c  
o x y g e n .  An end p r o d u c t  o f  g l y c o l y s i s  i s  l a c t i c  ac id r ,  
a n o t h e r  a n a e r o b i c  e x e r c i s e  f a c t o r .
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I t  h a s  b e e n  shown by M a r g a r i a .  E d w ar d s   ̂ and  D i l l  
( 25 ) t h a t  t h e  o x y g en  d e b t  c o n t r a c t i o n  an d  paym ent  a s  an 
e f f e c t  o f  e x e r c i s e  c a n n o t  b e  e x p l a i n e d  s o l e l y  by l a c t i c  
a c i d  f o r m a t i o n .  T h e s e  a u t h o r s  p o i n t e d  o u t  t h a t  t h e  pa ym en t  
o f  t h e  ox y g en  d e b t  d u r i n g  r e c o v e r y  f r o m  m u s c u l a r  e x e r c i s e  
was n o t  r e l a t e d  s i m p l y  t o  l a c t i c  a c i d  d i s a p p e a r a n c e  f ro m  
b l o o d o  I n  f a c t  5 ( a )  i n  l i g h t  e x e r c i s e  a n  o x y g e n  d e b t  i s  
b u i l t  u p  w i t h o u t  a n y  l a c t i c  a c i d  i n c r e a s e  t a k i n g  p l a c e  i n  
t h e  b l o o d  and t h i s  d e b t  i s  p a i d  d u r i n g  r e c o v e r y ;  and  ( b )  d u r ­
i n g  r e c o v e r y  f r o m  an e x h a u s t i n g  e x e r c i s e , t h e  o x y g e n  d e b t  
paym ent  an d  t h e  l a c t i c  a c i d  d i s a p p e a r a n c e  f r o m  b l o o d  h a v e  
a  s u b s t a n t i a l l y  d i f f e r e n t  t i m e  c o u r s e .
T h e s e  f i n d i n g s  l e d  M a r g a r i a  and  o t h e r s  ( 2 2 )  t o  t h e  
c o n c l u s i o n  t h a t  t h e  o x y g e n  d e b t  p a y m e n t  i s  made up  o f  two 
d i s t i n c t  p r o c e s s e s ,  t o  w h i c h  t h e  names o f  " a l a c t a c i d "  and  
" l a c t a c l d "  o x y g e n  d e b t  w e r e  g i v e n .  The p a y m e n t  o f  t h e  
l a c t a c i d  f r a c t i o n  o f  t h e  o x y g e n  d e b t  c, w h i c h  m u s t  p a r a l l e l  
t h e  l a c t i c  a c i d  d i s a p p e a r a n c e  f ro m  t h e  b o d y  or  f r o m  t h e  
b l o o d y  i s  a  much s l o w e r  p r o c e s s  t h a n  t h a t  o f  t h e  " a l a c t a c i d "  
f r a c t i o n .
T h e s e  men a l s o  showed t h a t  t h e  amount  o f  t h e  
a l a c t a c i d  o x y g e n  d e b t  c o n t r a c t e d  i s  l i n e a r l y  r e l a t e d  t o  t h e  
i n t e n s i t y  o f  e x e r c i s e  a n d  t h a t  i t  a m o u n t s  t o  a maximum o f  
2 . 5  l i t e r s  o f  o x y g e n  i n  a n  a v e r a g e -  s i z e d  a t h l e t e .  The 
l a c t a c i d  o x y g e n  d e b t ,  on t h e  o t h e r  hand,., comes i n t o  p l a y  
o n l y  when t h e  m e t a b o l i c  r a t e  a p p r o a c h e s  t h e  maximum o x y g e n
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c o n s u m p t i o n .  T h e r e f o r e ,  i t  d e p e n d s  u p o n  t h e  i n t e n s i t y  o f  
e x e r c i s e  and t h e  d u r a t i o n  o f  p e r f o r m a n c e .
As M a r g a r i a  a n d  o t h e r s  ( 2 2 )  h a v e  s a i d ,  t h e r e  i s  a 
l a c k  o f  c o n f i r m a t i o n  o f  t h e  c o r r e l a t i o n  b e t w e e n  e x c e s s  l a c -  
t a t e  and o x y g e n  d e b t  i n  t h e  p r e s e n t  e x p e r i m e n t s  on man u n d e r  
p h y s i o l o g i c a l  c o n d i t i o n s .  L a c t i c  a c i d  f o r m a t i o n  i s  a  d e ­
l a y e d  p r o c e s s ,  a s  m e n t i o n e d  e a r l i e r . and  an  e x e r g o n i c  
a n a e r o b i c  p r o c e s s ,  w h i c h  i s  n o t  l a c t i c  a c i d  f o r m a t i o n ,  mus t  
t a k e  p l a c e  a t  t h e  b e g i n n i n g  o f  e x e r c i s e ü t h i s  i s  t h e  c o n ­
t r a c t i o n  o f  t h e  a l a c t a c i d  o x y g e n  d e b t .
I I .  G e n e r a l  I n f l u e n c e s
H u c k a b e e  ( 1 3 )  w r o t e  t h a t  w h i l e  t h e  p r e s e n t  d a t a  
s u p p o r t  t h e  i d e a  t h a t  l a c t a t e  p r o d u c t i o n  by t i s s u e s  h a s  no 
n e c e s s a r y  s i g n i f i c a n c e  w i t h  r e s p e c t  t o  o x y g e n  s u p p l y ,  he  
s u g g e s t e d  t h a t  a  f u n c t i o n  o f  b o t h  l a c t a t e  and  p y r u v a t e  may,  
on t h e  c o n t r a r y ,  h a v e  s u c h  s i g n i f i c a n c e .  The  u n i q u e  i n f o r ­
m a t i o n  p r o v i d e d  by o x y g e n - d e b t  m e a s u r e m e n t  h a s  b e e n  a p p r e c i ­
a t e d  f o r  y e a r s .  T h i s  o x y g e n - d e b t  f o r m a t i o n  phenomenon  a p ­
p e a r s  t o  be  a  m a n i f e s t a t i o n  o f  a n e e d  f o r  o x y g e n  by bo dy  
t i s s u e s  d u r i n g  e x e r c i s e .  T h i s  n e e d  i s  n o t  met  a t  t h e  t i m e  
b u t  s a t i s f i e d  l a t e r  d u r i n g  r e c o v e r y .  H o w e v e r ,  t h e  e r r o r  
w h i c h  may o c c u r  f ro m  u s i n g  l a c t a t e  p r o d u c t i o n  p e r  s e  a s  an 
i n d i c a t i o n  o f  t i s s u e  o x y g en  l a c k  i s  q u i t e  v a r i a b l e  a n d  many 
t i m e s  l a r g e .  The u s e  o f  " e x c e s s  l a c t a t e "  f o r  t h i s  p u r p o s e  
s h o u l d  r e d u c e  t h i s  e r r o r  s i g n i f i c a n t l y .
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A lp er t , ^  K a y n e j  an d  H a s s l e t t  ( 1 )  s a i d  t h a t  t h e  e x ­
c e s s  c o n s u m p t i o n  o f  r e c o v e r y  i s  p r e s u m e d  t o  p ay  t h e  o x y g e n  
d e b t  c o n t r a c t e d  d u r i n g  e x e r c i s e o  L a c t i c  a c i d  i s  t h e  s e c u r ­
i t y  f o r  t h a t  d e b t  and f o r c e s  t h e  r e p a y m e n t s  L a c t i c  a c i d  
w h i c h  a p p e a r s  i n  t h e  b l o o d  i s  an  i n d e x  o f  t h e  o x y g e n  m i s s e d  
d u r i n g  e x e r c i s e  and t h a t  t h e  e x c e s s  p o s t - e x e r c i s e  c o n s u m p ­
t i o n  was d i r e c t l y  r e l a t e d  t o  t h e  r e m o v a l  o f  t h i s  l a c t a t e o  
They  a l s o  c o n c l u d e d  t h a t  t h e r e  i s  no  o x y g e n  d e b t  w i t h  
h y p o x i a .  T he y  s u g g e s t e d  t h a t  t h e  r e l a t i o n s h i p  b e t w e e n  l a c ­
t a t e  r e m o v a l  and e x c e s s  o x y g e n  c o n s u m p t i o n  f o l l o w i n g  e x e r ­
c i s e  was c o i n c i d e n t a l ,  n o t  c a u s a l .  T h e r e f o r e ,  i n s t e a d  o f  
r e a l l y  g o i n g  i n t o  d e b t  f o r  o x y g e n ,  man p a y s  a s  h e  g o e s .
H u c k a b e e  (1*+) d i d  n o t  n e c e s s a r i l y  a g r e e  t h a t  t h e  
a n a e r o b i c  e n e r g y  p r o d u c t i o n  a p p e a r e d  t o  b e  p a r t  o f  t h e  n o r ­
mal  m e c h a n i s m  o f  e n e r g y  s u p p l y  t o  t h e  t i s s u e s .  He a l s o  
f o u n d  t h a t  t h e  m e a s u r e m e n t  o f  t o t a l  bod y  o x y g e n  d e b t  g a v e  
no  r e l i a b l e  i n d i c a t i o n  o f  w h e t h e r  or  n o t  t h e  r a t e  o f  o x y g e n  
s u p p l y  t o  a n y  g i v e n  t i s s u e  was  a d e q u a t e .
I I I .  S p e c i f i c  T r a i n i n g  S t u d i e s
I t  i s  a  commonly a c c e p t e d  f a c t  t h a t  t r a i n i n g  d o e s  
i n f l u e n c e  c e r t a i n  p h y s i o l o g i c a l  r e s p o n s e s  w h i c h ,  i n  t u r n ,  
i n f l u e n c e  a  p e r s o n ’ s a b i l i t y  t o  p e r f o r m .  The f o l l o w i n g  
s t u d i e s  i n d i c a t e  t h e  v a r i o u s  e f f e c t s  o f  t r a i n i n g  u p o n  a  
p e r s o n ’ s a n a e r o b i c  p o w e r .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 0
M a r g a r i a .  C e r r e t e l l l ç  AghemOg a n d  S a s s i  ( 2 1 )  c o n ­
d u c t e d  a  s t u d y  u s i n g  a t h l e t e s  and  n o n - a t h l e t e s  t o  f i n d  t h e  
e n e r g y  c o s t  o f  r u n n i n g »  I n d i r e c t  c a l o r i m e t r i c  m e a s u r e m e n t s  
w e r e  made on tw o  a t h l e t e s  r u n n i n g  a t  d i f f e r e n t  s p e e d s »  The 
r e s u l t i n g  f u n c t i o n  was f o u n d  t o  b e  l i n e a r l y  r e l a t e d  t o  
s p e e d .  The v a l u e s  f o u n d  i n  t h e s e  two a t h l e t e s  w e r e  f i v e  t o  
s e v e n  p e r c e n t  l o w e r  t h a n  t h o s e  f o u n d  i n  n o n - a t h l e t i c  s u b ­
j e c t s  . T h e s e  r e s u l t s  l e d  t h e s e  f o u r  r e s e a r c h e r s  t o  t h e  c o n ­
c l u s i o n  t h a t  t r a i n i n g  i n  a t h l e t e s  d o e s  n o t  b r i n g  a b o u t  g r e a t  
i m p r o v e m e n t  s »
B r o u h a  ( 3 ) ?  h a v i n g  c o m p l e t e d  s e v e r a l  s t u d i e s  i n v o l ­
v i n g  t r a i n i n g ^  s t a t e d  t h a t  t r a i n i n g  i n c r e a s e d  t h e  c a p a c i t y  
f o r  a n a e r o b i c  power  » A ss um i ng  t h a t  h i g h  l a c t i c  a c i d  l e v e l s  
d i d  r e p r e s e n t  g r e a t e r  a n a e r o b i c  power. ,  h e  f e l t  t h a t  one  im­
p o r t a n t  f a c t o r  i n  r e a c h i n g  t h e s e  h i g h  l e v e l s  was  t h e  d e t e r ­
m i n a t i o n  a n d  m o t i v a t i o n  o f  t h e  i n d i v i d u a l .  W i t h  t r a i n i n g  
h e  became more and  more  a c c u s t o m e d  and  w i l l i n g  t o  p u s h  h im ­
s e l f  t o  h i s  l i m i t .  T h e r e f o r e  % h e  s u c c e e d e d  i n  p e r f o r m i n g  
more  a n a e r o b i c  power  a n d  b u i l t  u p  a  h i g h e r  c o n c e n t r a t i o n  o f  
l a c t i c  a c i d .
M a r g a r i a  and E d w a rd s  ( 2 4 )  c o n d u c t e d  a  s t u d y  w h e r e  
t h e y  a l l o w e d  f i v e  m i n u t e s  o f  r e s t  b e t w e e n  two s h o r t . s t r e n u -  
o us  r u n s  g p e r f o r m e d  a n a e r o b i  . l a l l y . They  f e l t  t h a t  i f  i n  th=i 
f i r s t  r u n  t h e  s u b j e c t  e x h a u s t e d  h i s  l a c t a c i d  m e c h a n i s m  f o r  
c o n t r a c t i n g  o x y g e n  d e b t , t h e  s e c o n d  r u n  w o u ld  be  p e r f o r m e d  
a t  t h e  e x p e n s e  o f  t h e  a l a c t a c i d  m e c h a n i s m .  They  c o n c l u d e d
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i n  t h i s  s t u d y  t h a t  ; ( 1 ) l a c t i c  a c i d  c o n c e n t r a t i o n  was i n  
d i r e c t  p r o p o r t i o n  t o  t h e  amount  o f  a n a e r o b i c  power  p e r f o r m e d  
and ( 2 ) t h e  amount  o f  a n a e r o b i c  po wer  p e r f o r m e d  was a l s o  
p r o p o r t i o n a l  t o  t h e  o x y g e n  d e b t , H o w e v e r ,  t h e y  o n l y  s u g ­
g e s t e d  t h a t  t r a i n i n g  m i g h t  a l t e r  t h e  t o l e r a n c e  f o r  l a c t i c  
a c i d .
R o b i n s o n  and  Harmon ( 2 9 )  f e l t  t h a t  p a s t  s t u d i e s  i n ­
d i c a t e d  t h a t  t r a i n i n g  m i g h t  i n c r e a s e  a  m a n ’ s t o l e r a n c e  f o r  
l a c t i c  a c i d  i n  s e v e r e  a n a e r o b i c  power  « W i t h  t h i s  i n  m i n d ,  
t h e y  c o n d u c t e d  a  s i x - m o n t h  t r a i n i n g  s t u d y  u s i n g  n i n e  n o n ­
a t h l e t e s  . T h e y  p r o v e d  t h a t  t h e  a b i l i t y  o f  t h e  men t o  a c c u ­
m u l a t e  l a c t i c  a c i d  d u r i n g  a n a e r o b i c  power  i n c r e a s e d  w i t h  
t r a i n i n g .  They  t h e n  c o n c l u d e d  t h a t  i f  a  g r e a t e r  t o l e r a n c e  
o f  l a c t i c  a c i d  i m p r o v e s  t h e  a n a e r o b i c  p o w e r ,  t r a i n i n g  c o u l d  
t h e r e b y  i m p r o v e  t h e  a n a e r o b i c  p o w e r ,
K n e h r ,  D i l l ,  and  N e u f e l d  ( 1 9 )  f o u n d  t h a t  " i n  e x h a u s ­
t i n g  work  t h e r e  was a n  i n c r e a s e d  c a p a c i t y  f o r  s u p p l y i n g  
o x y g e n  t o  t h e  t i s s u e s  and a g r e a t e r  u t i l i z a t i o n  o f  a n a e r o b i c  
e n e r g y  r e s e r v e s , "  T h e y  a l s o  f o u n d  t h a t  t h e r e  was a n  i n ­
c r e a s e d  c a p a c i t y  f o r  a c c u m u l a t i n g  l a c t i c  a c i d ,  h e n c e ,  p e r ­
f o r m i n g  more  a n a e r o b i c  power  t h a n  b e f o r e  t r a i n i n g .  T h e s e  
r e s u l t s  a g r e e d  w i t h  t h e  f i n d i n g s  o f  R o b i n s o n  and  Harmon,
H i n d s  ( 1 2 )  f e l t  t h a t  t o o  many t r a i n i n g  p r o g r a m s  w e r e  
d e s i g n e d  t o  d e v e l o p  j u s t  t h e  s k e l e t a l  m u s c l e s  o f  t h e  b o d y .
He f e l t  t h a t  by c o n d u c t i n g  s k e l e t a l  c a l i s t h e n i c s  a n a e r o b i -  
c a l l y ,  b o t h  t h e  s k e l e t a l  m u s c l e s  an d  t h e  c a r d i o v a s c u l a r
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s y s t e m  c o u l d  b e  i m p r o v e d  » S i n c e  t h e  b o d y  i s  a b l e  t o  b e a r  
a d e b t  o f  a b o u t  20 l i t e r s  o f  o x y g e n ,  i t  i s  e s s e n t i a l  t h a t  
t h e  a n a e r o b i c  p e r i o d  o f  t r a i n i n g  n o t  l a s t  l o n g ,  l e s t  t h e  
a t h l e t e  c o l l a p s e .  He c o n c l u d e d  t h a t  20 s e c o n d s  o f  w ork  i s  
s a t i s f a c t o r y .  The a t h l e t e  c a n n o t  b e  e x p e c t e d  t o  t r a i n  
a n a e r o b i c a l l y  f o r  l o n g e r  t h a n  30 s e c o n d s .  He a l s o  c o n ­
c l u d e d  t h a t  t h i s  t y p e  o f  t r a i n i n g  w i l l  i m p r o v e  a e r o b i c  w o rk  
c a p a c i t y  a s  w e l l .
I n  c o n c l u s i o n ,  t h i s  w r i t e r  f e e l s  t h a t  mos t  o f  t h e  
l i t e r a t u r e  i s  i n  a g r e e m e n t  t h a t  t r a i n i n g  w i l l  i m p r o v e  t h e  
a n a e r o b i c  p o w e r .  Some d i s a g r e e m e n t  i s  p r e s e n t  i n  j u s t  how 
t h e  t r a i n i n g  m i g h t  i m p r o v e  i t .  S e v e r a l  a u t h o r i t i e s  f e e l  
an d  h a v e  p r o v e n  t h a t  t r a i n i n g  c a n  i n c r e a s e  t h e  c a p a c i t y  f o r  
a c c u m u l a t i n g  l a c t i c  a c i d  w h i l e  o t h e r s  a r e  u n s u r e  o f  i t s  
e f f e c t s  0
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CHAPTER I I I  
PROCEDURE OF THE STUDY 
lo  The S u b j e c t s
The s u b j e c t s  f o r  t h i s  s t u d y  w e r e  a c c e p t e d  a s  v o l ­
u n t e e r s  f ro m  two  O r i e n t a t i o n  c l a s s e s  i n  H e a l t h  and P h y s i ­
c a l  E d u c a t i o n  a t  t h e  U n i v e r s i t y  o f  M o n t a n a ,  M i s s o u l a »
T h e r e  w e r e  a p p r o x i m a t e l y  27 v o l u n t e e r s  i n  a l l  and  21 o f  
t h e s e  w e re  c h o s e n »  The  b a s i s  f o r  t h e i r  s e l e c t i o n ,  f o l l o w ­
i n g  an  i n i t i a l  i n s t r u c t i o n  p e r i o d ,  w a s :  a v a i l a b i l i t y  o f
t h e  i n d i v i d u a l  f o r  t r a i n i n g  a n d  t e s t i n g  s e s s i o n s ,  w i l l i n g ­
n e s s  t o  p e r f o r m  m a x i m a l  w ork  t a s k s  and  t r a i n  a t  t h a t  
l e v e l  a s  w e l l ,  and  j u d g m e n t  on t h i s  w r i t e r ' s  p a r t  and 
h i s  a s s i s t a n t s '  a s  t o  w h e t h e r  o r  n o t  t h e  p r o s p e c t i v e  s u b ­
j e c t  w o u ld  b e  a b l e  t o  p e r f o r m  t h e  d e s i r e d  t a s k s  o v e r  a 
s i x - w e e k  p e r i o d »  F o u r t e e n  o f  t h e s e  s u b j e c t s  w e r e  i n v o l v e d  
i n  t h e  t r a i n i n g  p r o g r a m  and  s e v e n  s e r v e d  a s  t h e  c o n t r o l  
g r o u p  w h i c h  was  p r e -  and  p o s t - t e s t e d  o n l y  » The c o n t r o l  
g r o u p  was s e l e c t e d  f r o m  a  b o w l i n g  c l a s s  i n  o r d e r  t o  l i m i t  
t h e i r  p h y s i c a l  a c t i v i t y  d u r i n g  t h e  s t u d y .  The two  t r a i n ­
i n g  g r o u p s  w e r e  s e l e c t e d  f r o m  a p h y s i c a l  c o n d i t i o n i n g  
c l a s s  and w e r e  r e m o v e d  f r o m  i t  t h r o u g h o u t  t h e  d u r a t i o n  
o f  t h e  s t u d y .  A l l  s u b j e c t s  w e r e  g i v e n  an  o r i e n t a t i o n  a s
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t o  t h e  p u r p o s e  o f  t h e  s t u d y ,  t h e  n a t u r e  o f  t h e  s t u d y ,  t h e  
e x p e c t e d  p h y s i c a l  b e h a v i o r  w h i l e  n o t  i n v o l v e d  i n  t r a i n i n g  
o r  t e s t i n g ,  t h e  p r o c e d u r e  t h e y  w o u l d  f o l l o w  when r e p o r t ­
i n g  t o  t r a i n i n g  an d  t e s t i n g  s e s s i o n s  a n d ,  f i n a l l y ,  t h e  
n e c e s s i t y  a n d  t h e  v a l u e  o f  t h e i r  c o o p e r a t i o n  i n  m a k i n g  t h e  
s t u d y  a  s u c c e s s .  The s u b j e c t s  w e r e  m o t i v a t e d  by  t h e  
p r o m i s e  o f  t o p  g r a d e s  i n  t h e i r  r e s p e c t i v e  P h y s i c a l  E d u c a ­
t i o n  c l a s s e s  u p o n  t h e i r  c o m p l e t i o n  o f  t h e  r e q u i r e d  t e s t i n g  
an d  t r a i n i n g  p r o g r a m .
The 21 s u b j e c t s  w e r e  d i v i d e d  i n t o  t h r e e  g r o u p s  o f  
s e v e n .  T h i s  g r o u p i n g  was  f o r  t h e  p u r p o s e  o f  t r a i n i n g  
w i t h  o n e  g r o u p  s e r v i n g  a s  t h e  c o n t r o l .  One g r o u p  w oul d  
t r a i n  r u n n i n g  t h e  f i f t y - y a r d  d a s h  a n d  t h e  o t h e r  w oul d  
t r a i n  r u n n i n g  t h e  s t a i r - c a s e  a s  d e s c r i b e d  by M a r g a r i a  ( 2 0 ) .  
Group  I  was t h e  c o n t r o l  g r o u p .  G ro up  I I  was  t h e  f i f t y -  
y a r d  d a s h  r u n n i n g  g r o u p ,  and  G ro up  I I I  was  t h e  s t a i r - c a s e  
r u n n i n g  g r o u p .  The  l 4  s u b j e c t s  f r o m  t h e  p h y s i c a l  c o n d i ­
t i o n i n g  c l a s s  w e r e  r a n d o m l y  p l a c e d  i n  t h e  tw o  t r a i n i n g  
g r o u p s .  The p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  s u b j e c t s  may 
b e  f o u n d  i n  A p p e n d i x  A a n d  t h e  c h a r a c t e r i s t i c s  by g r o u p s ,  
i n  t e r m s  o f  mean v a l u e s ,  a r e  shown i n  T a b l e  I .
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Group
X H e i g h t  i n  
i n c h e s
X W e i g h t  i n  
p o u n d s X Age
I  ( c o n t r o l ) 6 9 . 7 $ 1 5 1 . 3 1 8 . 3
I I  ( 5 0 - y d . ) 7 0 .  $7 1 7 9 . 3 1 9 . 0
I l l  ( s t a i r - c a s e ) 7 0 . 7 8 6 1 6 7 . 3 1 9 . 3
MEANS 7 0 . 3 7 1 6 6 .0 1 8 . 8 8
I I . E q u i p m e n t
R a d i o - E l e c t r o c a r d i o g r a p h
The  h e a r t  r a t e s  o f  t h e  s u b j e c t s  w e r e  r e c o r d e d  by 
t h e  u s e  o f  a  T e l e m e d i c s  RKG 1 0 0  R a d i o - E l e c t r o c a r d i o g r a p h  
s y s t e m ,  c o n s i s t i n g  o f  t h e  f o l l o w i n g  p i e c e s  o f  e q u i p m e n t s  
a  p o r t a b l e  r a d i o  r e c e i v e r ,  a  r e c o r d i n g  i n s t r u m e n t ,  d i s ­
p o s a b l e  e l e c t r o d e s ,  and a  b a t t e r y - o p e r a t e d  t r a n s m i t t e r ,
The r a d i o  r e c e i v e r . The d e s k  m o d e l  r e c e i v e r  was  
o p e r a t e d  f r o m  a  s t a n d a r d  1 1 5  v o l t  60 c y c l e  power  l i n e .  I t  
was  e q u i p p e d  w i t h  a  c h a n n e l  s e l e c t o r  s w i t c h  w h i c h  c h a n n e l e d  
t h e  EKG s i g n a l  t h r o u g h  a n  a d a p t e r  t o  a  r e c o r d i n g  i n s t r u m e n t ,  
The r e c o r d i n g  i n s t r u m e n t  « The  B u r d i c k  EK-2 D i r e c t  
R e c o r d i n g  E l e c t r o c a r d i o g r a p h  r e c e i v e d  t h e  EKG s i g n a l  and 
r e c o r d e d  t h e  h e a r t  r a t e  on s t a n d a r d  p e r m a g r a p h  r e c o r d i n g  
p a p e r .
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The e l e c t r o d e s  o The e l e c t r o d e s  c o n s i s t e d  o f  a  con= 
t a c t  s n a p  f a s t e n e r ,  a  m e t a l l i c  s c r e e n ,  a n d  a  p a t c h - t y p e  a d ­
h e s i v e  b a n d a g e  w i t h  an  e l e c t r o d e  p a s t e  r e s e r v o i r . The two 
e l e c t r o d e s  w e r e  p l a c e d  a t  t h e  r i g h t  and  l e f t  f i f t h  r i b  g 
s l i g h t l y  f o r w a r d  o f  t h e  mid a x i l l a r y  l i n e  i n  o r d e r  t o  m i n i ­
m i z e  m u s c l e  n o i s e .
The r a d i o  t r a n s m i t t e r , The  f r e q u e n c y  m o d u l a t e d  r a d i o  
t r a n s m i t t e r  was a p p r o x i m a t e l y  one  i n c h  t h i c k  b y  t h r e e  i n c h e s  
w i d e  by  f o u r  i n c h e s  h i g h  an d  w e i g h e d  10 o u n c e s ,  i n c l u d i n g  
t h e  b a t t e r i e s .  H e a r t  s i g n a l s  f r o m  t h e  e l e c t r o d e s  w e r e  c a r ­
r i e d  by t h i n  f l e x i b l e  w i r e s  o f  t h e  s u b j e c t  c a b l e  t o  t h e  
t r a n s m i t t e r  w h e r e  t h e y  w e r e  a m p l i f i e d  an d  t r a n s m i t t e d  f r o m  
a n  a n t e n n a  i n c l u d e d  w i t h i n  t h e  u n i t .
T i m i n g  E q u i p m e n t
A l l  r u n n i n g  t i m e s  r e c o r d e d  t h r o u g h o u t  t h e  s t u d y  w e r e  
t a k e n  f ro m  t h e  A u t o m a t i c  P e r f o r m a n c e  A n a l y z e r  Mode l  63I .
The b a s i c  u n i t  i s  b u i l t  a r o u n d  a  t i m e  i n d i c a t o r  t h a t  i s  
c a l i b r a t e d  i n  and  a c c u r a t e  t o  t i m e  i n  1 / l O O O t h s  o f  a  s e c o n d .  
I t  c a n  be  o p e r a t e d  a u t o m a t i c a l l y  o r  m a n u a l l y .  The many 
j a c k s  and a c c e s s o r i e s  make t h i s  e q u i p m e n t  v e r s a t i l e  a n d  e a s y  
t o  s e t  up  i n  s h o r t  i n t e r v a l  t i m i n g  p r o c e d u r e s .  I t  p r o v i d e s  
p r e c i s e  t i m i n g  w i t h o u t  t h e  common f a u l t s  o f  human e r r o r .
The  b a s i c  u n i t  comes  e q u i p p e d  w i t h  s e v e r a l  common 
a c c e s s o r i e s .  The w r i t e r  u s e d  t h e s e  a c c e s s o r i e s  : t h e  l i n e
c o n t r o l  a c c e s s o r y ,  t h e  s w i t c h  m a t ,  an d  t h e  s p e c i a l  s t a r t
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s 'W i t ch ,  T h e s e  a c c e s s o r i e s  a r e  a l l  d e s c r i b e d  i n  t h e  i n s t r ' u c -  
t i o n  b o o k l e t  w h i c h  comes w i t h  t h e  b a s i c  u n i t .
F i f t y  y a r d s  o f  t h r e e - s t r a n d  c o r d  an d  one  i n p u t  j a c k  
w e r e  a d a p t e d  t o  w o rk  i n  c o o p e r a t i o n  w i t h  t h e  s p e c i a l  s t a r t  
s w i t c h  i n  t h e  r u n n i n g  o f  t h e  f i f t y - y a r d  d a s h ,
I I I ,  T e s t s
The 21 s u b j e c t s  w e r e  p r e - t e s t e d  and  p o s t - t e s t e d  
u s i n g  t h r e e  s p e c i f i c  t e s t s  s e l e c t e d  f o r  t h i s  s t u d y .  Two o f  
t h e m  w e r e  t e s t s  o f  a n a e r o b i c  p o w e r , w h i l e  t h e  t h i r d  was  a 
t e s t  o f  p h y s i c a l  f i t n e s s  l i s t e d  by C o n s o l a z i o ,  J o h n s o n g 
an d  P e c o r a  ( ^ ) .  The  b a t t e r y  o f  t e s t s  i n c l u d e d  M a r g a r i a ' s  
S t a i r - C a s e  Run ( 2 0 ) ,  t h e  f i f t y - y a r d  d a s h ,  and  t h e  A s t r a n d -  
Ryhming S t e p  T e s t  f o r  t h e  c a l c u l a t i o n  o f  p h y s i c a l  f i t n e s s  
d u r i n g  s u b m a x i m a l  w o r k .  I t  was  f e l t  t h a t  t h e s e  t h r e e  t e s t s  
w o u l d  p r o v i d e  a  b a s i s  f o r  m e a s u r i n g  i m p r o v e m e n t s  i n  p h y s i ­
c a l  f i t n e s s  and a n a e r o b i c  p o w e r .
The A s t r a n d - R y h m i n g  S t e p  
T e s t  f o r  P h y s i c a l  F i t n e s s  
D u r i n g  S u b m a x i m a l  Work
A s u b m a x i m a l  s t e p  t e s t ,  f i v e  m i n u t e s  i n  l e n g t h ,  was 
u s e d  i n  c o n j u n c t i o n  w i t h  t h e  A s t r a n d - R y h m i n g  Nomogram t o  
p r o v i d e  a  m e an s  f o r  p r e d i c t i n g  t h e  m a x i m a l  o x y g e n  co n s u m p ­
t i o n  f r o m  s u b m a x i m a l  w o r k .  The  p u l s e  r a t e  was  t a k e n  b e f o r e  
a n d  d u r i n g  t h e  e x e r c i s e ,  a n d  t h e  i n d i v i d u a l  b o d y  w e i g h t s  
w e r e  r e c o r d e d  a s  s u g g e s t e d  b y  A s t r a n d  and  Ryhming  ( 2 ) .  The
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r e s u l t s  -were a p p l i e d  t o  t h e  Nomogram i n  t h e  f o l l o w i n g  way .  
The e x e r c i s e  p u l s e  r a t e s ,  o b t a i n e d  d u r i n g  t h e  f o u r t h  a n d  
t h e  f i f t h  m i n u t e ,  w e r e  a v e r a g e d ^  t h i s  a v e r a g e  and t h e  b o d y  
w e i g h t ,  i n  k i l o g r a m s ,  w e r e  u s e d  t o  p r e d i c t  t h e  ma x im a l  o x y ­
g en  i n t a k e  f o r  e a c h  s u b j e c t  « T h i s  f i g u r e ,  i n  l i t e r s  p e r  
m i n u t e ,  was t h e n  r e c o r d e d  a s  t h e i r  p r e d i c t e d  m a x im a l  o x y g e n  
i n t a k e »  A number  o f  a u t h o r s  h a v e  f o u n d  t h a t  t h i s  p r o c e d u r e  
c o r r e l a t e s  h i g h l y  w i t h  d i r e c t  t e s t s  o f  t h e  maximum o x y g e n  
i n t a k e .
The F i f t y - Y a r d  D a s h
The v a l i d i t y  o f  t h i s  r u n  a s  an  a n a e r o b i c  e f f o r t  
c a s t s  some d o u b t ,  b u t  i t  was  f e l t  t h a t  i f  i t  w e r e  r u n  a t  a  
m a x im a l  e f f o r t  i t  w o u l d  b e  a t  l e a s t  90 p e r c e n t  a n a e r o b i c  
a s  s u g g e s t e d  b y  D i l l  ( 7 ) ,  The  r u n  i t s e l f  was c o n d u c t e d  i n  
t h e  l o n g  c o r r i d o r  w i t h i n  t h e  F i e l d  H o u s e ,  The s t a r t  was 
c o n t r o l l e d  a s  much a s  p o s s i b l e  s i n c e  e a c h  s u b j e c t  was i n ­
s t r u c t e d  an d  shown how t o  u s e  t h e  t h r e e - p o i n t  f o o t b a l l  
s t a n c e  a s  t h e  s t a r t i n g  m e t h o d .  The s u b j e c t s  r a n  t h e  50 
y a r d s  t h r e e  t i m e s  w i t h  a t  l e a s t  f i v e  m i n u t e s  o f  r e s t  b e ­
t w e e n  e a c h  r u n .  The  r u n  h a d  a  t e s t - r e t e s t  r e l i a b i l i t y  c o ­
e f f i c i e n t  o f  , 9 7 2 ,  w h i c h  i s  e x c e e d i n g l y  h i g h .  The  t i m i n g  
d e v i c e  was s t a r t e d  when t h e  s u b j e c t  r e l e a s e d  h i s  h a n d  f r o m  
t h e  s p e c i a l  s t a r t  s w i t c h  a s  h e  came o u t  o f  h i s  t h r e e - p o i n t  
s t a n c e .  He t h e n  r a n  t h e  r e q u i r e d  d i s t a n c e  w i t h  t h e  t i m i n g  
d e v i c e  b e i n g  s t o p p e d  a s  h e  r a n  t h r o u g h  a  f i n i s h - l i n e  c o r d
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a t t a c h e d  t o  t h e  l i n e  c o n t r o l  a c c e s s o r y »
M a r g a r i a * s  S t a l r - C a s e  Run ( 2 0 )
As s u g g e s t e d  by  M a r g a r i a ,  Aghemo,  and R o v e l l i  ( 2 0 ) ,  
t h i s  r u n  was  u s e d  a s  a  m e a s u r e m e n t  o f  a n a e r o b i c  m u s c u l a r  
power  » T h e  s u b j e c t s  w e r e  t o l d  t o  r u n  a t  t o p  s p e e d  u p  o r d i ­
n a r y  s t a i r s ,  m a r k e d  o f f  two s t e p s  a t  a  t i m e «  The m e a s u r e ­
ment  was t h e  t i m e  i t  t o o k  t o  c o v e r  a n  e v e n  number  o f  j u m p s , 
tw o  i n  t h i s  c a s e .  The r e a s o n  f o r  an  e v e n  number  o f  jumps  
was t o  h a v e  t h e  s u b j e c t  c o m p l e t e  t h e  r u n  on t h e  same f o o t  
o r  i n  t h e  same p o s i t i o n  an d  i n  t h e  same p h a s e  o f  movement  
a s  h e  s t a r t e d »  T h i s  t i m e  o f  movement  was  t o  l a s t  a b o u t  
0 » ^ 0 “ 0»50  s e c o n d s  ( 2 0 ) » I n  t h i s  w r i t e r ’ s s t u d y  t h e  t i m e s ,  
i n  f r a c t i o n s  o f  s e c o n d s ,  w e r e  t h e  o n l y  v a l u e s  u s e d  i n  com­
p u t a t i o n  w h e r e a s  M a r g a r i a ,  Aghemo,  a n d  R o v e l l i  ( 2 0 )  had  
u s e d  a  d i f f e r e n t  t y p e  o f  i n d e x  f o r  t h e i r  c o m p u t a t i o n s »  Due 
t o  t h e  s h o r t n e s s  o f  t h e  r u n ,  t h e  p r e v i o u s  r e s e a r c h e r s  s a i d  
t h a t  i t s  r e l i a b i l i t y  was  q u i t e  low» The  t e s t - r e t e s t  r e l i ­
a b i l i t y  c o e f f i c i e n t  f o r  t h e  w r i t e r ’ s s t u d y  was  » 4 l 9 ,  w h i c h  
a g r e e s  w i t h  M a r g a r i a ,  Aghemo,  a n d  R o v e l l i  ( 2 0 ) » As i n  t h e  
f i f t y - y a r d  d a s h ,  e a c h  s u b j e c t  was  t e s t e d  by t h r e e  r u n s  w i t h  
a  f i v e - m i n u t e  r e s t  b e t w e e n  e a c h  r u n .  The t i m i n g  d e v i c e  was  
s t a r t e d  when  t h e  s u b j e c t  s t e p p e d  on t h e  s w i t c h  mat  w h i c h  
was  p l a c e d  on  t h e  f i r s t  s t e p  ( s e c o n d  s t e p  o f  t h e  s t a i r s )  
o f  h i s  r u n  on t h e  s t a i r - c a s e »  I t  was  s t o p p e d  when t h e  s u b ­
j e c t  s t e p p e d  on a  c o r d  a t t a c h e d  t o  t h e  l i n e  c o n t r o l
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a c c e s s o r y  on h i s  t h i r d  s t e p  ( s i x t h  s t e p  on  t h e  s t a i r s )  o f  
h i s  r u n .  T h u s ,  h e  s t a r t e d  an d  s t o p p e d  t h e  t i m i n g  d e v i c e  
v i i t h  t h e  same f o o t  a s  was d e s c r i b e d  e a r l i e r o
I V ,  T r a i n i n g
The  t r a i n i n g  s e l e c t e d  f o r  u s e  i n  t h i s  s t u d y  i n ­
v o l v e d  t h e  r u n n i n g  o f  t h e s e  tw o  a n a e r o b i c  m e a s u r e s  o f  p e r ­
f o r m a n c e  a  s p e c i f i e d  number  o f  t i m e s .  A l l  s u b j e c t s  
( t r a i n i n g )  w e r e  d i r e c t e d  i n  a  c a l i s t h e n i c  l o o s e n i n g - u p  
p e r i o d  b e f o r e  t h e  a c t u a l  t r a i n i n g  b e g a n .  A f t e r  t r a i n i n g ,  
t h e s e  s u b j e c t s  a l l  t o o k  p a r t  i n  f u r t h e r  p h y s i c a l  c o n d i t i o n ­
i n g  e x e r c i s e s ,  w h i c h  c o n s i s t e d  o f  p u s h - u p s  ( d i f f e r e n t  t y p e # ) , 
s i t - u p s ,  l e g - l i f t s ,  s q u a t  t h r u s t s , j u m p i n g  j a c k s ,  e t c , ,  b u t  
no r u n n i n g .
T h e r e  w e r e  tw o  e x p e r i m e n t a l  g r o u p s  i n v o l v e d  i n  t h e  
t r a i n i n g  p h a s e  o f  t h e  s t u d y .  One g r o u p  o f  s e v e n  s u b j e c t s  
t r a i n e d  by r u n n i n g  1 0  f i f t y - y a r d  d a s h e s .  T h e y  w a l k e d  b a c k  
t o  t h e  s t a r t i n g  p o i n t  a f t e r  e a c h  r u n  an d  r a n  a g a i n .  The  
o t h e r  t r a i n i n g  g r o u p  o f  s e v e n  s u b j e c t s  r a n  u p  a  d e s i g n a t e d  
f l i g h t  o f  s t a i r s ,  two  a t  a  t i m e ,  f o r  10  t i m e s .  A f t e r  e a c h  
r u n  t h e y  w a l k e d  down a n d  s t a r t e d  a g a i n  w i t h  l i t t l e  r e s t ,
The 10  r e p e t i t i o n s  w e r e  somewhat  a r b i t r a r i l y  c h o s e n  by  t h e  
w r i t e r  a n d  h i s  a d v i s o r  a s  an  a p p r o p r i a t e  number  f o r  t r a i n i n g  
p u r p o s e s .  The  t r a i n i n g  was  c o n d u c t e d  i n  t h e  F i e l d  H o u s e  a t  
t h e  U n i v e r s i t y  o f  M o n t a n a ,  M i s s o u l a .  I t  was c o n d u c t e d  d u r ­
i n g  t h e  W i n t e r  Q u a r t e r  o f  t h e  I 966-67  s c h o o l  y e a r .  T h i s
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t r a i n i n g  p e r i o d  t o o k  p l a c e  a t  t e n  o ’ c l o c k  i n  t h e  m o r n i n g  
f o r  o n e  h o u r  e v e r y  Monday,  W e d n e s d a y ,  an d  F r i d a y »
Vo T e s t i n g  P r o c e d u r e
The  t e s t i n g  p e r i o d s ,  p r e  a n d  p o s t ,  t o o k  t h r e e  d a y s  
b e f o r e  a n d  t h r e e  d a y s  a f t e r  t h e  s i x - w e e k  t r a i n i n g  p e r i o d »
The t e s t i n g  o f  t h e  s u b j e c t s  was c o n d u c t e d  i n  t h e  Human P e r ­
f o r m a n c e  L a b o r a t o r y  and  t h e  F i e l d  Hous e  a t  t h e  U n i v e r s i t y  
o f  M ont an a»  A l l  t e s t i n g  s e s s i o n s  w e r e  c o n d u c t e d  b e t w e e n  
s e v e n  o ’ c l o c k  i n  t h e  m o r n i n g  an d  t w e l v e  o ’ c l o c k  noon»
F o l l o w i n g  t h e  o r i e n t a t i o n  s e s s i o n ,  a l l  s u b j e c t s  w e r e  
s c h e d u l e d  f o r  p r e - t e s t  s e s s i o n s  » The  b a t t e r y  o f  t h r e e  t e s t s  
was  a d m i n i s t e r e d  i n  t h e  f o l l o w i n g  s e q u e n c e .  The f i f t y - y a r d  
d a s h  was a d m i n i s t e r e d  t h e  f i r s t  day»  M a r g a r i a ’ s s t a i r - c a s e  
r u n  was  a d m i n i s t e r e d  on t h e  s e c o n d  d a y .  The r e s e a r c h e r  
t r i e d  t o  s c h e d u l e  t h e  i n d i v i d u a l ’ s t e s t i n g  a p p o i n t m e n t s  a t  
a p p r o x i m a t e l y  t h e  same t i m e  f r o m  t e s t  t o  t e s t  d u r i n g  b o t h  
t h e  p r e -  and p o s t - t e s t i n g  p e r i o d s  » The a t t e m p t  was  made t o  
s c h e d u l e  t h e  two a n a e r o b i c  m e a s u r e s  a t  a  s i m i l a r  t i m e .  The 
A s t r a n d - R y h m i n g  s t e p  t e s t  was  a d m i n i s t e r e d  t h e  t h i r d  d a y  o f  
t h e  t e s t i n g  s e s s i o n .
When r e p o r t i n g  f o r  t e s t i n g  o r  t r a i n i n g ,  a l l  s u b j e c t s  
w o r e  t h e  p r e s c r i b e d  a t t i r e  o f  a  T - s h i r t ,  t r u n k s ,  an d  gym 
s h o e s .  T he y  h a d  t o  r e s t  10 m i n u t e s  b e f o r e  t h e y  t o o k  t h e  
A s t r a n d - R y h m i n g  s t e p  t e s t  » D u r i n g  t h a t  r e s t  p e r i o d  t h e  
e l e c t r o d e s  w e r e  a f f i x e d  i n  t h e  m a n n e r  s t a t e d  e a r l i e r  i n  t h e
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c h a p t e r »  The b e n c h  h e i g h t  f o r  t h i s  t e s t  was  f o r t y  c e n t i ­
m e t e r s  . The  r a t e  was  22 » ^ s t e p s  p e r  m i n u t e »  The s u b j e c t " s 
b o d y  w e i g h t  was t a k e n  b e f o r e  t h e  r e s t  p e r i o d  »
F o l l o w i n g  t h e  s i x - w e e k  t r a i n i n g  p e r i o d ,  a l l  s u b ­
j e c t s  w e r e  r e - t e s t e d  u s i n g  t h e  same t e s t i n g  p r o c e d u r e s  a s  
u s e d  i n  t h e  p r e - t e s t i n g »
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CHAPTER IV 
ANALYSIS AND DISCUSSION OF RESULTS 
I ,  I n t r o d u c t i o n
T h i s  c h a p t e r  p r e s e n t s  an  a n a l y s i s  and  d i s c u s s i o n  
o f  t h e  r e s u l t s  o b t a i n e d  w h i l e  t e s t i n g  i n d i v i d u a l s  who h a d  
t r a i n e d  a t  two  d i f f e r e n t  a n a e r o b i c  power  t a s k s  a s  w e l l  a s  
t h e  c o n t r o l  g r o u p .  T h i s  s t u d y  was  c o n c e r n e d  w i t h  t h e  e f ­
f e c t s  o f  t r a i n i n g  u p o n  t h e  a n a e r o b i c  pow er  o f  man.  More 
s p e c i f i c a l l y ,  h o w e v e r ,  t h e  w r i t e r  was  i n t e r e s t e d  i n  a s c e r ­
t a i n i n g  w h i c h  o f  t h e  t r a i n i n g  m e t h o d s  w o u l d  p r o d u c e  b e t t e r  
r e s u l t s  a s  f a r  a s  a n a e r o b i c  power  a n d  f i t n e s s  w e r e  c o n ­
c e r n e d  . The d a t a  r e s u l t i n g  f r o m  t h i s  s t u d y  may b e  f o u n d  
i n  T a b l e s  I I - V I I  an d  w i l l  b e  d i s c u s s e d  i n  t h i s  c h a p t e r .
I I .  A n a l y s i s  o f  R e s u l t s
Prom t h e  p r e - t e s t  r e s u l t s ,  i t  c a n  b e  r e a d i l y  
s e e n  t h a t  t h e  two  t r a i n i n g  g r o u p s  w e r e  b e l o w  t h e  f i t n e s s  
l e v e l  o f  t h e  c o n t r o l  g r o u p .  T h e s e  r e s u l t s  a l o n g  w i t h  
t h e  mean s c o r e s  and  mean c h a n g e s  a f t e r  t r a i n i n g  a r e  shown 
i n  T a b l e  I I .
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TABLE I I  
MEAN CHANGES AFTER TRAINING
F i f t y - Y a r d  D a s h  ( s e c . )
Gro u p s P r e - t e s t P o s t - t e s t D i f f e r e n c e
1 6 . 5 0 9 6 o 556 . 0 4 7
2 7 . 0 3 4 6 .8 0 5 — 0 229
3 6 . 5 9 0 60 585 - .0 0 5
S t a i r - C a s e Run ( s e c . )
1 . 4 1 1 . 4 0 7 - . 0 0 4
2 . 4 2 4 . 4 0 7 - .0 1 7
3 . 4 0 9 .4 0 3 - .0 0 6
A s t r a n d - R y h m i n g  T e s t  ( m l / k g / m i n . )
1 4 9 . 0 4 8 . 7 - 0 . 3
2 4 1 . 0 4 8 . 0 7 . 0
3 4 3 . 0 4 9 .4 6 . 4
I t  was a n t i c i p a t e d  t h a t  s i n c e  t h e  t r a i n i n g  g r o u p s  
w e r e  a t  a  r e l a t i v e l y  low f i t n e s s  l e v e l  t h e y  woul d  r e a c t  
w e l l  t o  t h e  t r a i n i n g .  T h e i r  t i m e s  i n  b o t h  r u n s  w e r e  some­
w h a t  be low t h o s e  o f  t h e  c o n t r o l  g r o u p .  H o w e v e r , i t  c a n  be  
s e e n  f r o m  t h e i r  r e l a t i v e  s i z e s  a n d  w e i g h t s  t h a t  t h e  two 
t r a i n i n g  g r o u p s  w e r e  t a l l e r  and  h e a v i e r  i n d i v i d u a l s .  T h i s  
I n f o r m a t i o n  may b e  f o u n d  i n  A p p e n d i x  A o r  i n  T a b l e  I .
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C o m p a r i s o n  o f  t h e  
P r e - t e s t  an d  P o s t ­
t e s t  R e s u l t s  o f  T r a i n i n g
The p r e -  t o  p o s t - t e s t  r e s u l t s  o f  e a c h  i n d i v i d u a l
s u b j e c t  w e r e  c o m p a r e d  a n d  t h e  d i f f e r e n c e s  r e c o r d e d .  The
mean d i f f e r e n c e s  i n  t e r m s  o f  e a c h  o f  t h e  s p e c i a l i z e d  g r o u p s
f o r  e a c h  o f  t h e  t h r e e  t e s t s  a r e  shown i n  T a b l e  I I I .
TABLE I I I
COMPARISON OF MEAN DIFFERENCES OF 
PRE-POST TEST SCORES
G ro up
F i f t y - Y a r d  
D a s h  mean 
d i f f e r e n c e
S t a i r - C a s e  
Run mean 
d i f f e r e n c e
A s t r a n d - R y h m i n g  
S t e p  T e s t  
mean d i f f e r e n c e
1 . 0 ^ 7 - .0 0 ^ - - 0 . 3
2 - . 2 2 9 - . 0 1 7 7 . 0
3 - . 0 0 5 - .0 0 6 6 . If.
F i f t y - Y a r d  D a s h
The r e s u l t s  o f  t h e  f i f t y - y a r d  d a s h  i n d i c a t e d  a  d e ­
c r e a s e  i n  t i m e  n e e d e d  t o  r u n  t h e  d i s t a n c e  f o r  t h e  two  t r a i n ­
i n g  g r o u p s  ( A p p e n d i x  B ) . The c o n t r o l  g r o u p ’ s t i m e  was  s l o w e r  
f o r  t h e  p o s t - t e s t  t h a n  i t  was  f o r  t h e  p r e - t e s t .  G rou p  I I g 
w h i c h  t r a i n e d  r u n n i n g  t h e  f i f t y - y a r d  d a s h ,  h a d  t h e  g r e a t e s t  
t i m e  i m p r o v e m e n t  p e r  man b y  a c o n s i d e r a b l e  m a r g i n .  Grou p  
I I I  g w h i c h  t r a i n e d  r u n n i n g  t h e  s t a i r - c a s e ,  i m p r o v e d  i t s  
f i f t y - y a r d  d a s h  p e r f o r m a n c e  o n l y  a  s m a l l  f r a c t i o n  o f  a  s e c o n d .
An a n a l y s i s  o f  v a r i a n c e  was  p e r f o r m e d  on t h e  d a t a  t o
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s e e  i f  t h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  mean 
d i f f e r e n c e s  o f  t h e  p r e  and p o s t  f i f t y - y a r d  d a s h  s c o r e s  
( T a b l e  IV) *  The "F"  r a t i o  on t h e  a n a l y s i s  o f  v a r i a n c e  t e s t  
was  n o t  q u i t e  s i g n i f i c a n t  a t  t h e  *05 l e v e l  o f  c o n f i d e n c e *
I n  o r d e r  t o  o b t a i n  s i g n i f i c a n c e  a t  t h i s  l e v e l ,  t h e  "F" 
r a t i o  n e e d e d  t o  be  3 * 55 ( 8 ) .
TABLE IV
ANALYSIS OF VARIANCE FOR FIFTY-YARD DASH
S our  c 0 o f  
v a r i a t i o n
D e g r e e s  o f  
f r e e d o m
Sum o f  
s q u a r e s
Mean
s q u a r e s "F"  r a t i o
" B e t w e e n "
g r o u p s 2 . 3 0 2 7 9 9 *1513995
" W i t h i n "
g r o u p s 18 . 9 5 ^ 0 5 4 . 0 5 3 0 5 8 2 . 8 5 3 *
T o t a l 20 1 . 2 5 7 8 5 3
*Not s i g n i f i c a n t  a t t h e  *05 l e v e l *
The S t a i r - C a s e  Run
The r e s u l t s  o f  t h e  s t a i r - c a s e  r u n  i n d i c a t e d  a  v e r y  
s m a l l  d e c r e a s e  i n  t i m e  i n  a l l  t h r e e  g r o u p s  ( A p p e n d i x  C ) * 
Group  I I ,  t h e  f i f t y - y a r d  d a s h  t r a i n i n g  g r o u p ,  d i d  i m p r o v e  
i t s  t i m e  t h e  m o s t ,  h o w e v e r  * The  t e s t - r e t e s t  r e l i a b i l i t y  
c o e f f i c i e n t  f o r  t h i s  r u n ,  *^19? d i d  show t h a t  i t  was  n o t  a  
r e l i a b l e  m e a s u r i n g  d e v i c e *  P e r h a p s  a  m a j o r  f a c t o r  f o r  i t s  
low  r e l i a b i l i t y  was t h e  s h o r t n e s s ,  i n  t i m e ,  o f  t h e  r u n *  A l l
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t h e  i n d i v i d u a l s  v je re  g i v e n  f i v e  or  s i x  p r a c t i c e  r u n s  p r i o r  
t o  t h e  t e s t i n g  p r o c e d u r e  b o t h  p r e  an d  p o s t  « T h i s  was d one  
s o  t h a t  t h e  c o n t r o l  g r o u p  and t h e  f i f t y - y a r d  d a s h  t r a i n i n g  
g r o u p  w o u l d  b e  a b l e  t o  g e t  t h e i r  s t e p s  c o o r d i n a t e d  f o r  t h e  
s t a i r - r u n n i n g  t e s t . G roup  I I I ,  t h e  s t a i r - c a s e  r u n  t r a i n i n g  
g r o u p ,  d i d  n o t  n e e d  t h i s  p r a c t i c e  b u t  was  r e q u i r e d  t o  t a k e  
i t  i n  an  a t t e m p t  t o  k e e p  a l l  f a c t o r s  e q u a l  i n  c o m p l e t i n g  
t h e  t e s t  o
An a n a l y s i s  o f  v a r i a n c e  was p e r f o r m e d  on t h e  d a t a  t o  
s e e  i f  t h e r e  was  a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  p r e -  
and p o s t - t e s t  r e s u l t s  o f  t h e  s t a i r - c a s e  r u n  ( T a b l e  V)o The 
ftptt r a t i o  on t h e  a n a l y s i s  o f  v a r i a n c e  was w e l l  b e l o w  t h e  o05 
l e v e l  o f  c o n f i d e n c e »  I n  o r d e r  t o  o b t a i n  s i g n i f i c a n c e  a t  t h i s  
l e v e l ,  t h e  ”F" r a t i o  n e e d e d  t o  b e  a t  l e a s t  3 <>55 ( 8 )  «
TABLE V
ANALYSIS OF VARIANCE FOR STAIR-CASE RUN
S o u r c e  o f  
v a r i a t i o n
D e g r e e s  o f  
f r e e d o m
Sum o f  
s q u a r e s
Mean
s q u a r e s "F"  r a t i o
" B e tw e e n "
g r o u p s 2 „ 0 0 0 6 7 ^ .000337
" W i t h i n "
g r o u p s 18 0OO9397 .000522
T o t a l 20 .010071
*Not s i g n i f i c a n t  a t t h e  0O5 l e v e l .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
28
The  A s t r a n d - R y h m i n g  
S t e p  T e s t
The r e s u l t s  o f  t h e  A s t r a n d - R y h m i n g  t e s t  i n d i c a t e d  a 
d e f i n i t e  i n c r e a s e  i n  t h e  p r e d i c t e d  m a x i m a l  o x y g e n  co ns ump ­
t i o n  ( A p p e n d i x  D ) . The c o n t r o l  g r o u p  h a d  a  v e r y  s l i g h t  
d e c r e a s e  i n  t h e i r  p r e d i c t e d  maximum o x y g e n  c o n s u m p t i o n »  As 
i n  t h e  r e s u l t s  o f  t h e  t"wo p r e v i o u s  t e s t s ,  Group  I I ,  t h e  
f i f t y - y a r d  d a s h  t r a i n i n g  g r o u p ,  h a d  t h e  l a r g e s t  i n c r e a s e .  
H o w e v e r ,  Group  I I I  was  v e r y  c l o s e  t o  Group  I I  i n  i t s  im­
p r o v e d  o x y g e n  c o n s u m p t i o n ,  b u t  t h i s  may h a v e  b e e n  d u e  t o  
t h e  t o t a l  t r a i n i n g  p r o g r a m  an d  n o t  j u s t  t h e  d i f f e r e n c e s  o f  
t h e  two r u n s ,
An a n a l y s i s  o f  v a r i a n c e  was  p e r f o r m e d  on t h e  d a t a  
t o  s e e  i f  t h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  
p r e -  a n d  p o s t - t e s t  r e s u l t s  o f  t h e  A s t r a n d - R y h m i n g  s t e p  
t e s t  ( T a b l e  V I ) ,  T h e  "F"  r a t i o  on t h e  a n a l y s i s  o f  v a r i ­
a n c e  was  h i g h l y  s i g n i f i c a n t  b e y o n d  t h e  , 0 1  l e v e l  o f  c o n ­
f i d e n c e ,  I n  o r d e r  t o  o b t a i n  s i g n i f i c a n c e  a t  t h i s  l e v e l ,  
t h e  "F"  r a t i o  n e e d e d  t o  b e  a t  l e a s t  6 . 0 1  ( 8 ) ,
The H a r t l e y  t e s t  o f  s i g n i f i c a n c e  was a p p l i e d  t o  t h e  
r e s u l t s  o f  t h e  A s t r a n d - R y h m i n g  t e s t  t o  l o c a t e  t h e  s i g n i f i ­
c a n t  d i f f e r e n c e s .  T h i s  t e s t  c o u l d  n o t  l o c a t e  an y  s i g n i f i ­
c a n t  d i f f e r e n c e s  e v e n  t h o u g h  t h e  a n a l y s i s  o f  v a r i a n c e  r e ­
s u l t s  showed  s i g n i f i c a n c e .  The " w i t h i n "  g r o u p  mean s q u a r e  
was  q u i t e  l a r g e  f o r  t h i s  p a r t i c u l a r  t e s t ,  t h e  H a r t l e y  t e s t ,  
t o  l o c a t e  s i g n i f i c a n t  d i f f e r e n c e s .  The  H a r t l e y  r e s u l t s  f o r
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d i f f e r e n c e s  b e t w e e n  G r o u p s  I I ,  I I I ,  and  c o n t r o l  w e r e  very- 
c l o s e  t o  b e i n g  s i g n i f i c a n t  a t  t h e  o05 l e v e l »  The  r e s u l t s  
o f  t h i s  t e s t  c a n  be  f o u n d  i n  T a b l e  V I I  » An e x p l a n a t i o n  o f  
t h e  H a r t l e y  t e s t  may b e  f o u n d  i n  A p p e n d i x  E»
TABLE VI
ANALYSIS OP VARIANCE FOR ASTRAND-RYHMING TEST
S o u r c e  o f  
v a r i a t i o n
D e g r e e s  o f  
f r e e d o m
Sum o f  Mean 
s q u a r e s  s q u a r e s "F" r a t i o
" B e t w e e n "
g r o u p s 2 2 3 3 . 8 6  116„93
" W i t h i n "
g r o u p s 18 3 3 3 . 1 4  l 8 o 5 1 6 .4 9 6 *
T o t a l 20 5 6 7 .0 0
^ S i g n i f i c a n t  b e y o n d t h e  . 0 1  l e v e l .
TABLE V I I
HARTLEY TEST FOR 
ASTRAND
SIGNIFICANCE WITHIN 
-RYHMING TEST
THE
Group X X - C - 0 . 3 ) X—( 6 . 4 )
2 7 . 0 7 . 3
( 8 . 8 9 )
0 . 6
( 7 . 3 3 )
3 6 A 6 . 7
( 7 . 3 3 )
1 —0 »3
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I I I .  D i s c u s s i o n  o f  t h e  R e s u l t s
As "Was m e n t i o n e d  i n  C h a p t e r  I I ,  s e v e r a l  d i f f e r e n t  
s t u d i e s  h a v e  i n d i c a t e d  t h a t  t h e r e  i s  a  f a i r l y  r a p i d  p h y s i ­
o l o g i c a l  r e s p o n s e  t o  t h e  r i g o r s  o f  t r a i n i n g .  K n e h r ,  D i l l ,  
and  N e u f e l d  ( 1 9 )  f o u n d  t h a t  a  maximum o f  e i g h t  w ee k s  i s  t h e  
b e s t  l e n g t h  f o r  t r a i n i n g  t o  d e c r e a s e  o x y g e n  r e q u i r e m e n t s .  
B r o u h a  ( 3 )  i n d i c a t e d  t h a t  t h r o u g h  t r a i n i n g  t h e  h e a r t  b e ­
comes more  e f f i c i e n t  a n d  t h e  e x e r c i s e  h e a r t  r a t e  d e c r e a s e s  
a s  t r a i n i n g  p r o g r e s s e s .  He a l s o  f o u n d  t h a t  f o u r  t o  s i x  
w e e k s  a r e  n e e d e d  t o  r e a c h  maximum e f f i c i e n c y  o r  n e a r  t h a t  
a s  f a r  a s  t h e  m a x i m a l  o x y g e n  i n t a k e  i s  c o n c e r n e d .  B r o u h a  
( 3 )  a l s o  f e l t  t h a t  t r a i n i n g  w oul d  I n c r e a s e  t h e  a n a e r o b i c  
power  o f  man.  I n  c o n t r a s t  t o  B r o u h a ,  M a r g a r i a  and  o t h e r s  
( 2 2 )  f e l t  t h a t  t r a i n i n g  w o u ld  n o t  s i g n i f i c a n t l y  a l t e r  t h e  
a n a e r o b i c  power  o f  man.
I n  g e n e r a l ,  t h e n ,  t h e  r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y  
i n v o l v i n g  a  t r a i n i n g  p e r i o d  o f  s i x  weeks  c o n c u r  q u i t e  w e l l  
w i t h  t h o s e  o f  p r e v i o u s  i n v e s t i g a t o r s .  E x c l u d i n g  t h e  c o n ­
t r o l  g r o u p ,  t h e  s u b j e c t s  e v i d e n c e d  t h e  f o l l o w i n g  c h a n g e s  
f r o m  p r e -  t o  p o s t - t e s t i n g :
l o  The p r e d i c t e d  m a x im a l  o x y g e n  c o n s u m p t i o n  
showed an i n c r e a s e  o f  6 .7  m l / k g / m i n .  p e r  
s u b j  e c t .
2 .  The e x e r c i s e  h e a r t  r a t e ,  m e a s u r e d  d u r i n g  t h e  
t h i r d  and f o u r t h  m i n u t e s  o f  e x e r c i s e  i n  t h e
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A s t r a n d - R y h m i n g  t e s t  5 showed a d e f i n i t e  
d e c r e a s e  »
3 •  The t i m e s  f o r  b o t h  g r o u p s  w e r e  d e c r e a s e d  g 
i m p r o v e d ,  i n  t h e  f i f t y - y a r d  d a s h o  
L i k e w i s e ,  t h e  t i m e s  f o r  b o t h  g r o u p s  w e r e  
d e c r e a s e d  o r  i m p r o v e d  i n  t h e  s t a i r - c a s e  
r u n »
The r e s u l t s  o f  t h e  f i f t y - y a r d  d a s h  i n d i c a t e d  t h a t  
a n a e r o b i c  p o w e r ,  a s  m e a s u r e d  by  t h i s  t e s t ,  c o u l d  be  
a l t e r e d  i n  a  p o s i t i v e  e f f e c t  i n  s i x  weeks  o f  t r a i n i n g  » The 
r e s u l t s ,  h o w e v e r ,  w e r e  n o t  q u i t e  s i g n i f i c a n t  a t  t h e  «0 ^ 
l e v e l  » I t  was i n t e r e s t i n g  t o  n o t e  t h a t  t h e  g r o u p  w h i c h  
t r a i n e d  r u n n i n g  t h e  f i f t y - y a r d  d a s h  made t h e  g r e a t e s t  im­
p r o v e m e n t s  » I n  t e r m s  o f  m e a s u r i n g  i m p r o v e d  a n a e r o b i c  power  
f o r  t h e s e  s u b j e c t s ,  t h e  m o s t  e q u i t a b l e  r e t u r n s  came f ro m  
t r a i n i n g  a t  t h a t  p a r t i c u l a r  work  t a s k  i t s e l f ,  t h e  f i f t y -  
y a r d  d a s h o
The  o t h e r  a n a e r o b i c  power  t e s t ,  t h e  s t a i r - c a s e  
r u n ,  p r o v i d e d  r e s u l t s  t h a t  w e r e  somewhat  d i f f e r e n t  i n  c e r ­
t a i n  a s p e c t s  f r o m  t h o s e  o f  t h e  f i f t y - y a r d  d a s h c  T h e s e  
r e s u l t s  showed  b o t h  t r a i n i n g  g r o u p s  i m p r o v i n g  t h e i r  t i m e s  
s l i g h t l y »  I n  c o n t r a s t  t o  t h e  r e s u l t s  o f  t h e  f i f t y - y a r d  
d a s h ,  t h e  g r o u p  w h i c h  t r a i n e d  r u n n i n g  t h e  s t a i r - c a s e  d i d  
n o t  p r o d u c e  t h e  b e s t  r e s u l t s  » T h e  r e s u l t s  w e r e ,  a g a i n ,  
n o t  s i g n i f i c a n t  a t  t h e  »05 l e v e l  » Once m o r e ,  Group I I ,  
w h i c h  t r a i n e d  r u n n i n g  t h e  f i f t y - y a r d  d a s h ,  i m p r o v e d  t h e
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m o s t  o v e r  i t s  p r e - t e s t  r e s u l t s *  T h i s  would go a l o n g  w i t h  
t h e  p r e v i o u s  r e s u l t s  t h a t  t h i s  m e t h o d  o f  t r a i n i n g  was  t h e  
b e t t e r  o f  two a t  m e a s u r i n g  and i m p r o v i n g  a n a e r o b i c  power*
The p r e d i c t i v e  t e s t  o f  m a x i m a l  oxy g en  c o n s u m p t i o n . ,  
t h e  A s t r a n d - R y h m i n g  s t e p  t e s t ,  p r o v i d e d  r e s u l t s  w h i c h  c o i n ­
c i d e d  w i t h  t h o s e  o f  t h e  two a n a e r o b i c  power  t e s t s *  Group  
I I  made t h e  m os t  i m p r o v e m e n t  I n  i t s  p r e d i c t i v e  maximal  
o x y g e n  c o n s u m p t i o n .  I t  was  f o u n d  t h a t  t h e  p r e - p o s t  t e s t  
d i f f e r e n c e s  w e r e  s i g n i f i c a n t  b e y o n d  t h e  *01 l e v e l  o f  c o n f i ­
d e n c e  f o r  t h e  A s t r a n d - R y h m i n g  r e s u l t s *  T h i s  p r e d i c t i v e  
t e s t  a l s o  i n d i c a t e d  a  g e n e r a l  d e c r e a s e  i n  t h e  e x e r c i s e  p u l s e  
r a t e *  The H a r t l e y  t e s t ,  h o w e v e r ,  was  u n a b l e  t o  l o c a t e  t h e  
s i g n i f i c a n t  d i f f e r e n c e s  w h i c h  w e r e  f o u n d  i n  t h e  a n a l y s i s  o f  
v a r i a n c e  r e s u l t s .  T h i s  was  p r o b a b l y  d u e  t o  t h e  power  o f  
t h e  a n a l y s i s  o f  v a r i a n c e  t e s t  a s  c o m p ar e d  t o  t h e  H a r t l e y  
t e s t *  N e l s o n  an d  M o r e h o u s e  ( 2 7 )  f o u n d  t h a t  t h e  H a r t l e y  
t e s t  a s  w e l l  a s  t h e  D u n c a n  M u l t i p l e  R ange  t e s t  and  t h e  
Newman-Keuls  t e s t  may n o t  b e  a b l e  t o  l o c a t e  t h e  s i g n i f i ­
c a n c e  e v e n  t h o u g h  t h e r e  i s  s i g n i f i c a n c e *
The r e s u l t s  o f  t h i s  s t u d y  w o u ld  a p p e a r  t o  i n d i c a t e  
t h a t  t r a i n i n g  d o e s  i m p r o v e  a n a e r o b i c  power* a l b e i t  n o t  s i g ­
n i f i c a n t l y ,  i f  t h e  f i f t y - y a r d  d a s h  a n d  s t a i r - c a s e  r u n s  do 
m e a s u r e  a n a e r o b i c  power*  They  a l s o  show t h a t ,  f o r  t h e s e  
g r o u p s ,  t r a i n i n g  by r u n n i n g  t h e  f i f t y - y a r d  d a s h  seemed 
s u p e r i o r  t o  t h a t  o f  r u n n i n g  t h e  s t a i r - c a s e *  However* one
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m u s t  r em em ber  t h a t  t h e  f i t n e s s  l e v e l  o f  h i s  s u b j e c t s  
s h o u l d  n o t  b e  i g n o r e d  when c o n s i d e r i n g  r e s u l t s  o f  i n v e S '  
t i g a t i o n s „
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
I , S-ummary
T h i s  s t u d y  v a s  c o n d u c t e d  t o  o b s e r v e  t h e  e f f e c t s  
o f  t r a i n i n g  u p o n  t h e  a n a e r o b i c  power  o f  man.  T w e n t y - o n e  
s t u d e n t s ,  e n r o l l e d  i n  p h y s i c a l  e d u c a t i o n  a c t i v i t y  c l a s s e s  
a t  t h e  U n i v e r s i t y  o f  M o n t a n a ,  w e r e  a c c e p t e d  a s  v o l u n t e e r s  
t o  p a r t i c i p a t e  a s  s u b j e c t s  i n  an  a t t e m p t  t o  s e e  i f  t r a i n ­
i n g  ha d  an  e f f e c t  on t h e  a n a e r o b i c  power  a s  m e a s u r e d  by 
two s e l e c t e d  t e s t s .
E a c h  s u b j e c t  was p l a c e d  i n  one  o f  t h r e e  g r o u p s ,  
two t r a i n i n g  g r o u p s  and  a  c o n t r o l  g r o u p .  The c o n t r o l  
g r o u p  was i n a c t i v e  d u r i n g  t h e  s t u d y  e x c e p t  f o r  a b o w l i n g  
c l a s s  w h i c h  met  t h r e e  d a y s  a  w e e k .  The  o t h e r  l4- s u b j e c t s  
w e r e  r a n d o m l y  p l a c e d  i n  t h e  two t r a i n i n g  g r o u p s .  Group  I I  
t r a i n e d  b y  r u n n i n g  a  s e l e c t e d  number  o f  f i f t y - y a r d  d a s h e s  
w h i l e  Group I I I  r a n  t h e  s t a i r - c a s e  a  c o m p a r a b l e  number  o f  
t i m e s .  B o t h  t r a i n e d  f o r  t h e  f u l l  h o u r ,  a c a l i s t h e n i c  
p e r i o d  b e f o r e  t r a i n i n g  an d  p h y s i c a l  c o n d i t i o n i n g  e x e r c i s e s  
a f t e r  t r a i n i n g .  T h u s ,  t h e  t r a i n i n g  was s i m i l a r  f o r  a l l  
s u b j e c t s  e x c e p t  t h e  d i f f e r e n c e  o f  t h e  two s e l e c t e d  g r o u p  
t r a i n i n g  p r o c e d u r e s .
E a c h  s u b j e c t  was  g i v e n  a  b a t t e r y  o f  t h r e e  t e s t s
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p r i o r  t o  a n y  t r a i n i n g . The t h r e e  t e s t s  w e r e :  t h e  A s t r a n d -
Ryhming  s t e p  t e s t  t o  p r e d i c t  t h e  ma xi m a l  o x y g e n  consump­
t i o n ,  t h e  f i f t y - y a r d  d a s h  ( o n e  s e l e c t e d  a n a e r o b i c  t e s t ) ,  
an d  M a r g a r i a ' s  s t a i r - c a s e  r u n  ( a n o t h e r  s e l e c t e d  a n a e r o b i c  
t e s t ) ,
F o l l o w i n g  t h e  t r a i n i n g  p e r i o d  o f  s i x  w e e k s ,  a l l  
s u b j e c t s  w e r e  r e - t e s t e d  u s i n g  t h e  same t e s t  b a t t e r y  t o  d e ­
t e r m i n e  t h e  e f f e c t i v e n e s s  o f  t h e  t r a i n i n g  p r o g r a m .  The 
p r e - t r a i n i n g  s c o r e s  o f  t h e  two  a n a e r o b i c  t e s t s  w e r e  c h e c k e d  
f o r  t e s t - r e t e s t  r e l i a b i l i t y .  The c o e f f i c i e n t  o f  c o r r e l a ­
t i o n  f o r  t h e  f i f t y - y a r d  d a s h  was v e r y  h i g h ,  . 9 7 2 .  H ow ev er ,  
t h e  r e l i a b i l i t y  c o e f f i c i e n t  f o r  t h e  s t a i r - c a s e  r u n  was much 
l o w e r , . 4 1 9 ,  s h o w i n g  i t  t o  be  c o n s i d e r a b l y  l e s s  r e l i a b l e .
The d a t a  w e r e  a n a l y z e d  by a n a l y s i s  o f  v a r i a n c e  
t e c h n i q u e s  t o  t e s t  t h e  n u l l  h y p o t h e s i s  t h a t  t h e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  mean p r e - p o s t  s c o r e s .
The  a n a l y s i s  o f  v a r i a n c e  t e s t  on t h e  f i f t y - y a r d  
d a s h  d a t a  i n d i c a t e d  n o  s i g n i f i c a n c e  a t  t h e  .05  l e v e l .
The a n a l y s i s  o f  v a r i a n c e  t e s t  on t h e  s t a i r - c a s e  
r u n  a l s o  i n d i c a t e d  no s i g n i f i c a n c e  a t  t h e  . 0 5  l e v e l  o f  c o n ­
f i d e n c e .
C o n v e r s e l y ,  t h e  a n a l y s i s  o f  v a r i a n c e  t e s t  on t h e  
A s t r a n d - R y h m i n g  s t e p  t e s t  d a t a  I n d i c a t e d  h i g h l y  s i g n i f i c a n t  
d i f f e r e n c e s .
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I I .  C o n c l u s i o n s
On t h e  b a s i s  o f  t h e  r e s u l t s  f o u n d  i n  t h i s  s t u d y ,  
t h e  f o l l o w i n g  c o n c l u s i o n s  h a v e  b e e n  made:
l o  F o r  t h e  p a r t i c u l a r  s u b j e c t s  i n v o l v e d  i n
t h i s  s t u d y ,  t r a i n i n g  a t  t h i s  s p e c i f i c  l e v e l  
and  d u r a t i o n  o f  t i m e  was a d e q u a t e  i n  b r i n g ­
i n g  a b o u t  a  s i g n i f i c a n t  a l t e r a t i o n  i n  t h e i r  
f i t n e s s  l e v e l  a s  p r e d i c t e d  by t h e i r  m a x i ­
m a l  o x y g e n  c o n s u m p t i o n .
2o At t h i s  l e v e l  o f  f i t n e s s  and  t h i s  i n t e n s i t y
o f  t r a i n i n g ,  t h e  a n a e r o b i c  power  was n o t  
s i g n i f i c a n t l y  i n c r e a s e d .
3 .  The s t a i r - c a s e  r u n  i s  a n  u n - r e l i a b l e  t e s t .
I l l o  R e c o m m e n d a t i o n s
I n  v i e w  o f  t h e  f i n d i n g s  and  c o n c l u s i o n s  o f  t h i s  
s t u d y ,  t h e  f o l l o w i n g  r e c o m m e n d a t i o n s  h a v e  b e e n  made;
l o  F u r t h e r  s t u d i e s  s h o u l d  be  c o n d u c t e d  a l o n g
t h e s e  l i n e s ,  p e r h a p s  m a k in g  c o m p a r i s o n s  
w i t h i n  s e v e r a l  d i f f e r e n t  l e v e l s  o f  f i t n e s s .
2 o I t  w o u l d  be  d e s i r a b l e  t o  r e l a t e  t h e  s t a i r ­
c a s e  t e s t  t o  a n  a c t u a l  m e a s u r e  o f  a n a e r o b i c  
c a p a c i t y ,  e . g . ,  o x y g e n  d e b t ,  l a c t i c  a c i d .
3o I t  w o u l d  s e e m i n g l y  b e  b e n e f i c i a l  t o  s t u d y
s e v e r a l  d i f f e r e n t  t y p e s  o f  a n a e r o b i c  r u n s
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and c o m p a r e  the m t o  e a c h  o t h e r  s u c h  a s  t h e  
50 t o  t h e  100  and 2 2 0 .
4 .  I t  w o u l d  a l s o  b e  b e n e f i c i a l  t o  s e e  w h a t  i n ­
f l u e n c e  t h e  i m p r o v e m e n t  o f  s t a r t s  h a s  on 
t h e  a n a e r o b i c  power  r e s u l t s  a s  m e a s u r e d  by 
s h o r t  r u n s .
5 .  I t  w o u l d  be  mos t  d e s i r a b l e ,  i n  f u t u r e  r e -  
s e a r c h ,  t o  h a v e  more  d i r e c t  c o n t r o l  o f  t h e  
o u t s i d e  a c t i v i t i e s  and  h a b i t s  o f  t h e  s u b j e c t s  
i n  o r d e r  t o  o b t a i n  a  more a c c u r a t e  r e s u l t  o f  
t r a i n i n g .
6 .  I t  i s  r ec om m en de d  t h a t  much m or e  work  be 
d o n e  i n  t h i s  a r e a  d u e  t o  t h e  i m p o r t a n c e  o f  
t h i s  p h y s i o l o g i c a l  r e s p o n s e  i n  a t h l e t i c s  and  
p h y s i c a l  e d u c a t i o n .
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APPENDIX A 
PHYSICAL CHARACTERISTICS OF THE SUBJECTS
S u b j  e c t s  
( G r o u p s )
H e i g h t  i n  
i n c h e s
W e ig h t  i n  
p o u n d s
Age i n  
y e a r s
DB ( 3 ) 7 3 . 0 1 9 8 .0 22
BB ( 1 ) 7 0 .0 1 5 0 . 0 1 9
RB ( 3 ) 7 1 .0 1 6 0 . 0 20
SB ( 2 ) 6 9 . ^ 1 4 5 . 0 18
SC ( 2 ) 7 0 .0 1 7 5 . 0 23
GC ( 3 ) 6 9 .0 1 5 5 . 0 18
CC ( 1 ) 6 7 .0 1 5 0 .0 19
MF ( 3 ) 7 3 . 0 1 7 5 . 0 19
CE ( 2 ) 6 9 .0 1 9 5 . 0 19
RH ( 2 ) 7 0 .0 2 3 5 . 0 19
JK ( 2 ) 7 0 .0 1 6 0 .0 18
BL (3 ) 7 1 .0 1 6 5 .0 20
SL ( 2 ) 7 4 . 0 1 7 5 .0 18
MN ( 1 ) 7 2 .0 1 4 5 .0 18
WS ( 1 ) 6 9 .0 1 5 5 .0 18
G8 ( 3 ) 6 8 . ^ 1 6 3 .0 18
J8 ( 1 ) 6 8 . 7 $ 1 6 0 .0 18
JS ( 1 ) 7 0 .0 1 4 5 .0 18
GT Cl ) 7 1 . 5 1 5 4 .0 18
CT ( 2 ) 7 1 . 5 1 7 0 .0 18
HW C3) 7 0 .0 1 5 5 .0 18
Means 7 0 . 3 7 1 6 6 .0 1 8 .8 8
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APPENDIX B 
PRE-POST TEST RESULTS OF FIFTY-YARD DASH
S u b j e c t
Group
P r e - t e s t *
( s e c o n d s )
I
P o s t - T e s t
( s e c o n d s ) D i f f e r e n c e
JS 6 . 7 0 4 .151
BB 6 . 4 7 ^ - .1 1 1
MN 6 . 4 3 9 6 . 5 0 4 .065
JS 6 .7 0 1 6 , 6 50 - .0 5 1
CC 6 , 4 1 2 6 .5 2 0 .108
ET 6 . 581 6 .5 1 6 - .0 6 5
WS 6 .2 5 5 6 . 4 8 8 .233
Means 6 .5 0 9 . 0 4 7
SL
Group
7 .3 8 1
I I
7 . 1 4 2 - . 2 3 9
SB 6 .9 4 3 6 .9 0 2 - . 0 4 1
JK 6 . 506 6 .5 6 1 . 05 ^
CT 6 .2 5 0 6 .360 . 1 1 0
CE 7 . 4 6 5 7 .2 2 6 - .2 3 9
SC 6 .8 0 9 6 .5 5 8 - .2 5 1
RH 7 . 8 8 4 6 . 8 8 2 - 1 . 0 0 2
Means 7 .0 3 4 - .2 2 9
MF
G ro up
6 .  8o4
I I I
6 .7 8 0 — * 024
GS 6 ,6 0 6 6 .634 .028
GC 6 .7 0 8 6 .7 0 3 - .0 0 5
HW 6 .2 7 6 6 .2 6 0 - . 0 1 6
BL 6 .1 2 6 6 . 2 0 0 .074
DB 6 .6 5 6 6 .7 0 6 - .0 5 0
RB 6 . 9 5 ^ 6 , 8 1 4 —, l 4 l
Means 6 .5 9 0 - .0 0 5
*V a l u e s e x p r e s s e d  I n  s e c o n d s  a n d  d e c i m a l f r a c t i o n s
T .h er eo f  0
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APPENDIX C 
PRE-POST TEST RESULTS OP STAIR-CASE RUN
S u b j  e c t
Group
P r e - t e s t *  
( s e c o n d s  )
I
P o s t - T e s t
( s e c o n d s ) D i f f e r e n c e
JS 0^38 . 3 8 4 - . 0 5 4
BE A 3  5 . 4 4 4 .009
MN . 3 9 0 .4 0 1 .0 1 1
JS .3 7 ^ .3 9 5 .0 2 1
CC .436 . 4 1 0 —. 026
ET .386 .396 . 0 1 0
WS . 4 1 7 .0 0 2
Means A l l - . 0 0 4
G roup I I
SL A 36 .4 1 7 - . 0 1 9
SB .456 . 4 1 5 - . 0 4 1
JK . 3 7 5 .361 - . 0 1 4
CT A l l .380 - .0 3 1
CE A 54 .4 2 8 - .0 2 6
SC A 0 2 .4 0 5 .003
RH .432 .4 4 2 .0 1 0
Means A 2 4 - .0 1 7
G ro up I I I
MF A 16 .416 .0 0 0
GS A l 4 .4 1 2 - . 0 0 2
GO A 28 . 3 9 5 - .0 3 3m . 3 8 7 .4 2 4 .037
BL A 08 . 4 0 0 - . 0 0 8
DB o4o6 .3 7 7 - .0 2 9
RB .4 0 3 . 3 9 5 — * 008
Means A 09 - .0 0 6
^ V a l u e s e x p r e s s e d i n  s e c o n d s  and  d e c i m a l f r a c t i o n s
t h e r e o f .
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APPENDIX D
PRE»POST TEST RESULTS OF ASTRAND-RYHMING TEST
Gr oup I
P r e - t e s t * P o s t - t e s t
S u b j e c t ( m l / k g / m i n ) ( m l / k g / m i n ) D i f f e r e n c e
JS 43 41 - 2
BB 51 49 - 2
MN 39 4 l 2
JS 59 59 0
CC 52 50 - 2
ET 46 47 1
WS 53 54 1
Means 49 - 0 . 3
Gro up I I
SL 3 5 39 4
SB 51 61 10
JK 46 57 11
CT 40 44 4
CE 4 o 46 6
SC 43 51 8
RH 35 41 6
Means 41 7 . 0
G ro u p I I I
MF 35 39 4
GS 43 49 6
GC 4 4 51 7
HW 50 48 - 2
BL 46 66 20
DB 4 l 48 7
RB 42 4 5 3
Means 43 6 . 4
’̂ V a l u e s e x p r e s s e d  i n  m l / k g / m i n . a n d d e c i m a l  f r a c t i o n s
t h e r e o f .
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APPENDIX E 
STATISTICAL ANALYSIS
F o r m u l a  f o r  C o r r e l a t i o n  o f  P r e - t e s t  R e s u l t s  on t h e  F i f t y -  
Y a r d  D a s h  a n d  S t a i r - C a s e  Run :
NZXY -  f e X S Y )  
- 4 [ N S X ^ -
Where  :
= c o e f f i c i e n t  o f  c o r r e l a t i o n  c a l c u l a t e d  
f r o m  raw o r  o b t a i n e d  s c o r e s  ( a s s u m e d  
mean o f  s a m p l e  e q u a l  t o  z e r o )
N = t o t a l  numb er  o f  s u b j e c t s  i n  s a m p l e  
p o p u l a t i o n
= raw or  o b t a i n e d  s c o r e s  on  t h e  t e s t s
= sum o f  t h e  p r o d u c t s  o f  r aw s c o r e s
“ sum o f  s c o r e s
^  ~ sum o f  s q u a r e d  s c o r e s
= sum o f  s c o r e s ,  s q u a r e d
A n a l y s i s  o f  V a r i a n c e  F o r m u l a :
T o t a l  sum o f  s q u a r e s - - - —
sZ x » -  = I X f£ X)  ̂N
Wher e :
N = t o t a l  numb er  o f  s u b j e c t s  i n  s a m p l e  
a
X -  t o t a l  sum o f  s q u a r e s
( 2 X ) ^
sum o f  t h e  s q u a r e s  o f  i n d i v i d u a l  s c o r e s  
sum o f  t h e  i n d i v i d u a l  s c o r e s ,  s q u a r e d
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The " B e t w e e n "  sum o f  s q u a r e s ---------
( s : x ) ^
Where  :
a
-
z
n .
N
T l
N
" B e t w e e n "  sum o f  s q u a r e s
s u m m a t i o n  o f  t h e  r a t i o  o f  t h e  sum o f  
i n d i v i d u a l  s c o r e s ,  s q u a r e d ,  and  d i v i d e d  
by t h e  number  o f  s u b j e c t s  w i t h i n  e a c h  
p a r t i c u l a r  g r o u p
t h e  r a t i o  o f  t h e  t o t a l  sum o f  t h e  i n ­
d i v i d u a l  s c o r e s , s q u a r e d ,  t o  t h e  t o t a l  
number  o f  s u b j e c t s  i n  t h e  p o p u l a t i o n .
The  " W i t h i n "  sum o f  s q u a r e s -
^  S  X ^ X )
Where  :
X *
a .( £ X )
T \
" W i t h i n "  sum o f  s q u a r e s
sum o f  t h e  s q u a r e d  i n d i v i d u a l  s c o r e s
t h e  r a t i o  o f  t h e  sum o f  t h e  i n d i v i d u a l  
s c o r e s ,  s q u a r e d ,  t o  t h e  nu mb er  o f  
s u b j e c t s  w i t h i n  e a c h  g r o u p .
The "F"
F
t  e s t -  
1)
t h e  r a t i o  o f  t h e  " b e t w e e n "  g r o u p s  
mean s q u a r e  t o  t h e  " w i t h i n "  g r o u p s  
o r  e r r o r  mean s q u a r e ,  w h e r e  t h e  
mean s q u a r e  i s  o b t a i n e d  b y  d i v i d i n g  
t h e  s p e c i f i c  sum o f  s q u a r e s  by  t h e  
a c c o m p a n y i n g  nu m be r  o f  d e g r e e s  o f  
f r e e d o m .
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H a r t l e y  T e s t  f o r  C o m p a r i s o n  o f  Mean D i f f e r e n c e s  F o r m u l a :
D  =
e r r o r  o r  " w i t h i n "  mean s q u a r e
CL (^CL — y /  ̂
Wher e :
D t h e  s q u a r e  r o o t  o f  t h e  r a t i o  o f  t h e  
e r r o r  o r  " w i t h i n "  g r o u p s  mean s q u a r e  
t o  t h e  t o t a l  p o s s i b l e  number  o f  com­
p a r i s o n s  o f  m e a n s ,  i . e . ,  t h e  p o s s i b l e
numb er  o f  
t a k e n  two
c o m b i n a t i o n s  
a t  a  t i m e
o f  ( a )  means
D i s  t h e n  m u l t i p l i e d  b y  t h e  r e s p e c t i v e  
v a l u e s  o f  Q, t a k e n  f r o m  t a b l e  1 0 ,  6 , 1  
( 3 1 )  a n d  b a s e d  on t h e  a s s o c i a t e d  d e g r e e s  
o f  f r e e d o m  a n d  t h e  numb er  o f  m e an s  ( a ) , 
t o  a r r i v e  a t  t h e  l e a s t  s i g n i f i c a n t  d i f ­
f e r e n c e  f o r  c o m p a r i s o n  w i t h  e a c h  mean  
d i f f e r e n c e .
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